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Facts About Food Supplies 


In giving permission to FOOD TECHNOLOGY to reproduce 
this article, Professor Nicol wrote, “Food is a chemical substance 
or set of substances. Its production and use require to be con- 
sidered in accordance with the reality of established principles of 
chemistry and nutrition. Appreciation of the circumstances 
governing production of food can come only by going along with 
the facts—not by being at odds with them.” In urging an 
appreciation of the potentials of basic chemistry for interpreting 
and leading the way to the solution of food problems, Professor 
Nicol registers a strong protest against present-day public apathy 
toward the study of food science. In democracies the lay public 
has much to do with where scientific emphasis shall be placed and 
how much financial support a given area, such as food, shall 
receive. This democratic prerogative is as it should be except, as 
Dr. Nicol points out, ‘‘only those gaps (in scientific curricula) 
about which laymen are conscious are likely to be filled without 
much effort in argument and persuasion by scientists.” In a day 
when space science has captured the lay public’s imagination, the 
need for extending food science study is in some danger of being 
eclipsed. 


A, rie TIME of the Quemoy block 
ade the Daly Mail ineluded a special section for 
vastronomes and justified it by saying that ** Nothing 
seems to stop the eraze for Chinese food.’’ About 
this Punch remarked: ** Especially if you're Chinese.”’ 

The apt remark to all this seems to be something 
like: Aren't we all?”’ 


side the Food Group, we are all intereste.l in food 


Chinese or not, inside or out- 


and particularly in getting enough of it. Yet much 
of what is widely believed about the origins of food 
bears little relation to the truth. However, when the 
scientific facts about food are assembled, they can 
be seen to follow a few general but incontestable 
principles. There are hardly more than half a dozen 
basic principles; being truly basic, these principles 
apply to both land and sea without modifications 
other than local ones due to circumstance. 


Author of the accom 
panying article, Hugh 
Nicol, Ph.D. F.R.1L.C., 
is Professor of 
Chemistry and Head of 
the Department, West of 
Scotland Agricultural 
College, 6-7? Blythswood 
Square, Glasgow. This 
distinguished essay was 
published originally in 
Chemistry & 
for August 22, 1959, and 
appears Foop 
NOLOGY by kind permis 
sion of that journal and 
of the author, Dr. Nicol. 
The paper was presented 
before the Nutrition 
Panel of the Food Group 
of the Society of Chemi 
eal Industry, April 1, 


1959, 


Dr. Hugh Nicol 


Hugh Nicol, Ph.D., F.R.1.C., 
F.R.S.E. 


Chemistry Department, West of Scot 
land Agricultural College, Glasgow, C.2 


All food comes from plants. Sometimes food plants 
are without chlorophyll, but photosynthesising green 
plants are the source of all food for all animals, in- 
cluding fish, and also of organic nutriment for fungi 
and other saphophytes. 

The bulk nutrients contributed by plants are carbo- 
hydrates, fats and proteins. For brevity I will do no 
more than mention vitamins and mineral constituents 
and will consider fats along with carbohydrates to 
avoid the awkward phrase ‘‘non-nitrogenous con 
stituents.’’ So there is the simple contrast of carbo 
hydrates (in that sense) with protein. 

The next step, therefore, is to consider the nutrition 
of plants. This is cyelic; and the eyele—the life 
cycle, that is—can be conceptually entered at any 
point. Wherever the eyele is begun, it must be borne 
in mind that we are dealing with a cyele; the round 
must be completed so as to take all factors into 
judicious consideration. 

It is usual to begin with solar energy and photo 
synthesis. There is nothing wrong with making a 
beginning there; yet one of the most deeply-rooted 
misunderstandings about food takes rise in the im- 
perfect teaching that begins with photosynthesis, 
over-emphasises its importance by calling it the focal 
circumstance of life (or some such nonsense) and 
fails to give due weight to the other equally im- 
portant links in the plant-soil life-cycle. The student 
remembers little more than the insistence on photo 
synthesis and carbohydrate. 

One could embroider the pattern of Figure 1 exten- 
sively, say, with specialities of the nitrogen cycle; 
but we are here concerned only with first principles 
to which such things are accessory. Two primary 
adjuncts of the life-cycle are: 

(1) All fertilisers and manures without exception 
either are salts directly soluble in water or become 
ionic through biological and other processes occurring 
in the soil. Chalk becomes calcium bicarbonate ; 
farmyard manure and other ‘‘organics’’ are broken 
down by microbial action into simple ions. Unless 
converted into simple ions such as those mentioned 
in the life-cycle diagram (Figure 1), no fertiliser 
could be of use to plants. 

(2) The life-cycle results in an accumulation of soil 
organic matter loosely called ‘‘humus’’. This has or 
attains some equilibrium-value in its ratio of total 
carbon to total nitrogen, so that the C/N ratio of 
soil is a factor determining productivity. Manipu- 
lating the C/N ratio of soil is a prime feature of soil 
management and cropping. 


The prime things about food for any animal are 
that the day’s diet must contain a certain minimum 
of protein, and that that sufficiency of protein must 
be maintained, roughly three times a day, for the 
next day, week, year and decade as long as the animal 
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lives: and for as long as we human beings expect to 
exist as a community. 

That necessary minimum proportion of protein is, 
roughly, 16% or, say, a sixth of our food. To discuss 
the proposition properly we would have to take 
digestibility and biological quality into account; but 
I must take those for granted. 

Cereals, which planners and publicists of the poten- 
tialities of fertilisers usually invoke almost exclusively 
(perhaps because the tale of Joseph and his brethren 
is void of specific reference to protein), have insuffi- 
cient protein. By themselves cereals cannot sustain 
life; the ancient Egyptians, for instance, had fish and 
lentils, and possibly their barley was unusually rich 
in protein. In general, a human diet that does not 
contain either legumes eaten as such (as pulse or 
otherwise), or protein-rich animal products from land 
or sea or river, leaves an unbridgeable gap between 
its content of protein and the vital minimum. 

There are only two ways of gaining protein from 
plants to supplement the low proportion obtainable 
from cereal grains and other mature parts of non- 
leguminous plants. These are: 

(1) Eating any young plant (including yeast and 
the like) or newly-formed part of any green plant ; 

(2) Eating any part of a nitrogen-fixing legumi- 
nous plant (legume) at any stage of growth. 


In those two ways we keep alive. Unlimited photo- 
synthesis alone—artificial or other—will produce only 


LARGE 
ANIMALS 


¥ 
GREEN-PLANT MASS 


INCLUDING WILD 
LEGUMES 


GMICROBES 


T \wn from extra 
N 


PO, legumes 


Ca(H) CO, 
K SO, FERTILISERS 
anions — cations Mg Cl 
ratio by weight Na etc 
24 as in SO, Ca —N 
Figure 1. The life-cycle for a soil in good natural equilibrium 
(full lines). Photosynthesis induces incorporation of nitrogen 
from soil into plants, and supports animals accordingly. In- 
organic compounds of nitrogen cannot easily produce food 
capable of sustaining animals; but nitrogen fixed biologically 
in leguminous plants supplied with non-nitrogenous fertilisers— 
especially phosphates—enlarges the cycle (dotted lines), per- 
mitting proportionately more animals (on two legs and four) 
to remain alive. Microbial decomposition of once-living matter, 
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Easy. Nothing very complicated about this A_ busi 
ness, says our Bob Lehman. He's explaining to a fellow oil 
chemist, who also happens to be a customer, how the biologi 
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discover the foundations of these analyses 
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Vitamin A Acetate or Palmitate to a food product is about as 
simple as adding salt?* Any time he needs help on stability 
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Industries, Rochester 3, N. Y. Sales offices: New York and 
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Smith Limited, Montreal and Toronto. 
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D or approved coloring agents if desired 
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sugar or carbohydrates; it will never help unless we 
can also find means for harvesting the protein-rich 
growths of young non-legumes or a sufficient growth 
of legumes. 

For increasing the food supply, greater use of 
fertilisers is the stock recommendation—or should | 
say, the talisman? Nitrogenous fertilisers loom large 
(especially with chemical apologists ) 

Consider nitrogenous fertilisers first, then, for the 
facts about their relation to food. All nitrogenous 
fertilisers and manures, without exception, have 
features in common besides ionie effects shown by all 
fertilisers. They also have special features depending 
on the way in which their nitrogen is combined. If 
any nitrogenous fertiliser—or, for brevity, just 


‘nitrogen’? to be understood as ** nitrogen in combina 


tion as any fertiliser’’—is used, it does three things 


(1) It temporarily narrows the C/N ratio of soil; 


It promotes photosynthesis. It does that, not 
by raising the efficiency of photosyuthesis per unit 
of area, but by increasing the photosynthesising area 
through making green plants grow larger. Giving 
extra nitrogen, then, is an effective way of increasing 
photosynthetic output or eapture of solar radiation 
by plants; it is, indeed, the only method so far dis 
covered for doing that. This effect is really another 
aspect of C/N balanee, but within the plant. 

There are some pendants to this enlargement of 
photosynthesis. 

(a) If the plant is harvested when it is mature (as 
cereals and potatoes or turnips may be said to be 
the increased photosynthesis closely matches the 
fertiliser-N supplied, with the result that there is a 
greater total weight of protein per acre and a corre 
spondingly larger yield of carbohydrate (i.e. C/N 
ratio constant, roughly). There is thus more ** food,’ 
of sorts unsatisfying by themselves; and nothing has 
been done to bridge the protein gap. The gulf to be 
bridged has, instead, been widened—beeause still 
more protein is now required to give nutritional 
balance to all that extra carbohydrate. As Lawes and 
Gilbert stated, a characteristic of nitrogenous ferti 
lisers is to increase the output of non-nitrogenous 
constituents—in non-leguminous crops harvested ma 
ture, is what they meant. 

(b) If a plant is caught very young—with not 
more than a few weeks’ growth—it will have con 
verted the nitrogen at its disposition (whether from 
fertiliser or native to its habitat) into protein in 
amounts at least as rich as any legume at any stage of 
growth. That is the origin of fish protein and of pro 
posals for culturing yeasts or microscopic green algae 
for food; it is the basis of rotational grazing of grass- 
land, of grass-drying and some other intensive forms 
of grassland agriculture (being supplemented by pas- 
ture legumes); it also accounts for the relative rich- 
ness in protein—albeit of second quality—in cabbage, 
brussels sprouts and the like. 

This kind of feeding occurs naturally in the sea, 
where there are no legumes. It can be made use of in 
practical farming only through appeal to pasture or 
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grazing kale; but wild quadrupeds often benefit from 
it by grazing young shoots of trees. 

Securing young growth of plants implies frequent 
harvesting. This can be done mechanically—as in 
production of dried grass or microscopic algae——or 
by intensive grazing. Nitrogenous fertiliser applied 
to any such young growth does produce a high pro 
portion of protein; but the problem of protein- 
production is not thereby solved. A limit is set’ by 
the length of the growing period, which commonly 
does not exceed six months. The problem remains of 
keeping animals alive on protein’ preserved for the 
other half of the vear. At this stage it seems to be 
enough to state the problem—which is a real one. 
Practically the only place in the world where grazing 
is possible the year round is New Zealand —having 
less than one-thousandth of the world population. 

(ec) It is normally uneconomic to give nitrogenous 
fertiliser to legumes in bulk (i.e., in virtually pure 
stand, unmixed with true grasses}. 

(3) Nitrogenous fertilisers imperatively set up a 
requirement for metallic base. It is essential to cor- 
rect the ionie disturbance, including acidity, invari- 
ably elicited in soil when a nitrogenous compound 
free from a base-forming metal is used. For neu- 
tralizing acidity it does not matter how the base is 
supplied— whether chemically combined as in sodium 
or calcium nitrate or mixed-in as chalk added or 
naturally present in the soil—but the needs for base 
other than ammonium are inescapable when any form 
of combined nitrogen is used. It follows that a 
programme for artificial fixation of nitrogen into 
fertilisers must be matehed by provision of a much 
larger tonnage of metallic alkalies or carbonates. 

To return to paragraph (1) about ‘‘nitrogen”’ 
the C/N ratio of soil might be called the ‘law of 
vravity’’ of soil biochemistry. Like the need for 
metal base along with nitrogen, there is no getting 
away from it. Textbooks usually mention the C/N 
ratio in a detached way in odd corners, as if it did 
not matter very much. Food-and-population theorists 
never mention it. 

Nitrogen is the inseparable concomitant and ballast 
that trims photosynthesis. However the nitrogen is 
combined (whether as a result of artificial or bio- 
logical fixation) if governs photosynthesis in’ two 
modes. One is in the plant itself: increased nitrogen 
permits more leaf area and plant bulk, as already 
pointed out. The other controls decomposition in 
soil and sea; it completes the life-eyele and deeides 
its rate of revolution. 

If —as some dreamers hope —photosynthetie output 
were doubled through some ineantation, in the name 
of “seience’’, to solar energy to be captured by green 
plants without more combined nitrogen being found, 
the C/N ratio in plants and soil would be doubled ; 
bacterial breakdown in the soil would be slowed so 
that the bigger, but nutritionally useless, plants could 
be grown about half as often as now; the sea and 
rivers would probably stink. Not that that would 
matter to us, since we should die from being deprived 
of our present narrow margin of balaneing protein. 
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Adding extra fertiliser-nitrogen to soil would correct 
its C/N ratio and restore the rhythm of plant life; 
but it still would not feed our present numbers. 
Bacterial fixation of atmospheric nitrogen in legumes 
does not just provide bridging protein; it also takes 
care of the C/N ratio in the soil. Surely the facts are 
much more interesting than fancies could ever be! 

I sometimes tell students that not even in agricul- 
ture can they get something for nothing. The rule of 
Nature is ‘‘nothing for nothing, and precious little 
for sixpence.’’ To get more food—real food, that is, 
containing a due proportion of protein—-we must pay 
a cost in fuel: chemically speaking, in reducing sub- 
stances. So, apart from questions of adequacy of 
land, or sudden catastrophe, the future of man will 
be decided by the ability to have enough fuel at all 
times to feed enough legumes and other crops and to 
collect enough fish, to be in nutritional correspond 
ence with whatever population there may be. That is 
a condition of existence henceforth. 

Most bridging protein comes from ordinary phos- 
phatic, nitrogen-free fertilisers put to sustaining 
leguminous crops. Use of phosphate—along with 
potassium salts as necessary—can enable clovers and 
other legumes to supply enough nitrogen for most 
growth-promoting purposes of grasses and livestock. 
The prime example is New Zealand, where nitroge- 
nous fertilisers are little used except for cereals and 
fruit. 

Potassium fertiliser, according to vague advice in 
the textbooks, is needed to ‘‘balance’’ N as plant 
nutrient; the more fertiliser-N used, the greater the 
requirement for K, as a rule. For the moment, | 
am deliberately following the shocking, but hitherto 
world-wide, practice of allowing chemical names or 
symbols of ‘‘nutrient’’ elements to stand for whole 


‘salts. It is common to recommend or specify (if that 
‘is the word) K or potassium or potash, without regard 


to the anion and its effects; and mutatis mutandis for 
other fertilisers. 

If potassium chloride is used in high concentration, 
the books do recognise that it produces something 
called ‘‘chloride toxicity.’’ There is no warrant, here 
or elsewhere, for implicating a single ion rather than 
its partner in the same salt, but Cl is not recognised 
as a ‘‘nutrient,’’ so that it must share with Na the 
odium of being ‘‘nasty’’ or ‘‘toxie’’; and, for high- 
value crops such as tomatoes, the sulphate of potas- 
sium is preferred to the chloride. On the exclusive 
nutrient theory about NPK, which takes no aecount 
of the ways in which simple salts actually behave, 
the absence of chemical principle leads to obscurities 
and confusion. 

A result of these unnatural complications is that 
many people—market-gardeners, for instanee—under- 
stand tigers (which do not come into their experi 
ence) much better than they understand the fertilisers 
that form a large part of their business. It would be 
ridiculous to visualise a tiger as nothing more than a 
set of jaws and teeth; the legs, at least, must come 
into the picture: and, in fact, the whole animal. Yet 
market-gardeners and farmers and their advisers 
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are often content to evaluate fertilisers in terms of 
some nutrient. Ko or Poor N—as if that were the 
‘business’ end of a fertiliser and nothing else in its 
make-up mattered. Since the pietures of fertilisers 
are misleading, is it to be wondered at that crop- 
producers are frequently puzzled by the simplest 
fertilisers, as when they do what they are told and use 
a lot of 
have troubles about the nutrition and well-being of 


‘to feed their plants generously and still 


therm crops 


For example, fertilising tomatoes with large doses 
of K has to be balanced with more My than is needed 
as nutrient; and, since Ko and Mg are both supplied 
as sulphate, there is a tremendous dose of SO, which, 


on the nutrient theory, it is convenient to ignore. In 
that way “‘toxieity’’ wrongly attributed to chloride 
or Cl is averted; but the fruit may be badly shaped or 
eracked through exposing the plants to unnatural and 
Stresses, 

Mr. G. Lockie, of Plant Protection has 
avoided much of this trouble by defying convention 
about Koas ‘nutrient’? and empirically replacing 
some of the potassitua sulphate with sodium sulphate. 
That is ionieally sound, because it restores the anion- 
cation weight ratio more nearly to normal, whereas a 
high proportion of potassium sulphate or chloride 
lowers that ratio to a pathological point. Mr. Loekie’s 
use of sodium sulphate exemplifies a rational method 
of cheapening some fertilising, yet improving or 
iaintaining vields and commercial quality. 

One of the hoariest legends about food is’ that 
about the feeding of the urban population of Britain 
after the Tudustrial Revolution by cereals from over- 
seas. That is nutritionally incorrect. The same sort 
of notion is held by and its) followers in 
reckoning surplus wheat and sugar among increases 
of produetion, 

The immediate explanation for this aberration of 
KALCO about world food is that the Organisation is 
dominated by economists who concern themselves 
only with commodities, ie. what is potentially sale- 
able; they thus overlook the erucial forage and 
pasture legumes which sustain animals (= bridging 
protein) but do not normally enter into trade. The 
followers of FLA.O. do no better. 

It is hard to understand why no chemist or nutri- 
tionist or elsewhere has acquired enough 
influence to spread correct ideas about food and what 
makes man tick; this in spite of the facet that knowl- 
edge about protem carbohydrate ratio in food, effects 
of nitrogenous fertilisers, ionte behaviour of solutions, 
has been established for at least 50 vears. 

It is by an upsurge of leguminous plants, and of 
animals fed oon their bridging protein, that the 
Western peoples have sustained the greater part of 
their increases of population since about 1840 at least. 
That is a matter of history, and specially the history 
of white colonisation of the *tnew’” lands like those 
of Australasia and North America. To it) must) be 
joined, since about 1890, the circumstance of amassing 
‘advance of the 


‘ 


food by burning fuel. The reeent 
levumes’’ makes a fascinating story; and | can only 
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regret that, like other bases of nutrition, it has failed 
to obtain historical and contemporary attention so 
as to substitute facts for legend about food. 

There are still many peoples—the Indians and 
Chinese, for example—who do not use appreciable 
amounts of fossit fuel either as fertilisers or for culti- 
vation, Japan is am especially interesting subject to 
(liseuss. -lapan is the world’s heaviest user of ferti- 
lisers per aere of cultivated land. She has little 
mechanical cultivation or animal husbandry and uses 
fertiliser—-that is to say, fuel—mostly for rice. So 
far, we seem to be in line with those who write mainly 
about cereals. Some beans are grown in Japan, but 
most of Japanese bridging protein is supplied by fish. 

Recent British information about Japanese agricul 
ture comes entirely from the writings of an employee 
of a chemical firm; the knowledge given is naturally 
scrappy and tells us little about diet and practically 
nothing about fish. 

kLALO. is an invaluable source of information of a 
commercial kind; if vou want that sort of unscientific 
information, is your indefatigable squirrel 
for collecting and publishing it; but it laeks a scien- 
tific aim or ambit. It will tell vou, for example, that 
there are SOO million cows in the world, and in what 
countries, but not how they (and vou) are fed: it 
will give you the total tonnage of Japanese fish or 
rice, without a hint as to how much fuel is consumed 
to acquire either, or even that fuel matters at all in 
food production today. 

In Japan we have a simplified instance of our 
British dependence on fuel for food: suggest that 
the United Kingdom should send a study Iission to 
learn in detail the lesson about the Japanese applica 
tion of fuel and chemistry to food production for an 
over-populated set of islands. 

In tracts about world food problems we vet tables 
of output of cereals, potatoes and sugar alongside 
tables of meat output, but without a hint to say what 
the connexion (if any) is. Not only is the vital 
leguminous link effectively obscured from the public, 
but the myth about the supreme importance of 
cereals is reinforced by obtaining the sanction of 
authority’. 

The cereal ‘‘fixation’’ common to accredited pub- 
licists illustrates the poor quality of much comment 
about food problems, It is reason for pessimism that 
of the “‘authorities’’ on world food supply and pros 
pects, none seems to be able to do the most elementary’ 
homework about protein, irrigation or fertilisers. 

Let us come back to fertilisers as salts. The chemis- 
try of soil management for cropping boils down to 
control of ions. Any good soil has its anions and 
cations in such quantitative balance that their ratio, 
by weight, in a suitable aqueous extract of soil is not 
less than 2-4: 1. We owe that recent finding to my 
colleague, Mr. E. KX. Schofield-Palmer, and [ must ask 
you to accept it. There is no time to amplify it beyond 
remarking that plant physiologists interested in nu- 
trient culture have for a century empirically evolved 
solutions with anion-cation ratios of that magnitude. 

Common to all fertilisers, manures and soil amend- 
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ments. such as lime, are two sets of facts and conse 
quences, namely 

(1) Because they ionise and set up osmotic pres- 
sure, and decrease free energy of water, they tend to 
oppose growth of plants (as does the native soil solu- 
tion, also salts that are not regarded as fertilisers) ; 
(2) Beeause they supply elements and groups 
called ‘‘nutrients,’’ they tend to promote plant 


growth. 


It will be immediately grasped that study of plant 
vrowth in relation to salts is a problem of equilibra- 
tion or balance: notably, ionic balance. Most soil 
phenomena are equilibrium phenomena and deserve 
to be treated as such. Among the penalties of con- 
ventional plant-nutrient theory is its disregard of 
equilibria in the soil; notice has been given to equi- 
libria only in rather unphilosophical forms like the 
occurrence of diminishing yield-inereases from sue- 
cessive equal fertiliser increments. Food-production 
chemistry has long been approached at the technical, 
rather than a scientific, level. 

An essentially pragmatic approach to crop research 
and food production is not wholly the fault of present- 
day fertiliser chemists. During the last hundred 
years —that is, since universities lost interest in the 
fundamentals of crop production—research in agron- 
omy has been expected to be consistently ** practical’’; 
the emphasis on immediate aims and quick results has 
been a dead hand pressing so heavily on crop investi- 
gation as almost to extinguish curiosity about the 
ways in whieh plants grow, and fertilisers act, in 
chemical terms. Instead, there has grown up a jargon 

such as about N, P, and K—which repudiates 
chemistry and effectively denies that fertilisers are 
salts. 

The fertiliser cupboard has come to be a kind of ark 
containing some good animals, such as phosphate, 
potassium and nitrogen, and, it may be added, trace 
elements; but into the ark have somehow slipped some 
rather bad animals, such as chloride and sodium; the 
status of sulphate and of sodium is uncertain and 
varies on occasion from ‘‘good’’ to bad’? and some- 
times, as we have seen, ‘‘needn’t be noticed at all.”’ 
Nature does not work along those lines: every ion of 
every salt in every solution has an effeet on plant or 
muscle tissue or whatever it comes into contact with, 
and that ionic effect is neither good nor reproachable, 
but just natural. Each ion and its effect exists, 
whether nutrient and biochemical theory chooses to 
acknowledge it or not. 

It has been usual, for instance, to ignore the caleium 
in most fertiliser phosphates and to aseribe their 
whole effect to P. ‘*N’’ is allowed to stand for nitro- 
mode of combination in 
particular substances, though first-vear chemistry 
would indicate a difference between ammonium sul- 
phate, sodium nitrate and urea. The absurdities that 
this leads to can be seen by reading the literature 
of fertilisers ; chemical nonsensicality about fertilisers 
has even managed to blunt that otherwise logical 
tool--statistical analysis. Such pseudo-chemistry is 
unworthy of the industry of food. 
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A modern approach to soil and fertiliser effects in 
relation to plant growth is possible and comprehen- 
sive. The ionic aspect of salts in solution is sur- 
prisingly easy to master (as my colleagues have 
shown) by going back to first principles. 

We have to deal simply with ions. These carry an 
electric charge, therefore their effects can be summed 
up in electrical conductivity or resistance. Not only 
“can be’’, but already have been—by Nature herself 
for every situation. 

So we cannot go wrong by measuring total ionic 
effects (whether in hindrance or help of plant growth ) 
by making the easy determination of electrical re- 
sistance of, say, a water extract of soil before or after 
any treatment such as fertilising or liming. That 
vives a number in ohms; but the properties of a solu- 
tion containing ponderable salt ions, such as sulphate, 
chloride, calcium and so forth, are modified by the pH. 
That is measured in volts, and expresses the ratio of 
the two ions of the solvent, water. 

Since pI is a negative logarithm, let us put specific 
resistance into similar form and call it pC. Those 
two terms can be integrated into a useful function 
of the physico-chemical effect of all ions from solvent 
and solute alike. This omnibus integral is called pL; 
for soil it is 2pH—pC. 

pL. expresses the physicai effects of all ions in any 
solution such as soil extraet or irrigation water. The 
chemical effects of the ions are sammed in the new 
parameter already mentioned (Figure 1)—the ratio, 
by weight, of all anions to all cations. For conveni- 
ence, we call that ratio, G. With pHl, G gives the 
distribution of the ions; from the data for establishing 
G, we have all chemical information about the ions; 
pC gives their total concentration, or, more exactly, 
what might be called their concentration-effect as it 
is expressed in free energy or pF. 

With that chemical and electrical information, it 
can be literally caleulated how plant roots (for exam- 
ple) ‘feel’ about any ionic environment, and, conse- 
quently, how a plant is likely to react and grow if 
external factors, such as temperature, are tolerable. 

G tells us fully and frankly about nutrients and 
non-nutrients alike, while avoiding artificial distine- 
tions about what may or may not be admitted as such 
according to some fashion of the time. 

Excepting a human being imperfeetly primed with 
ionic theory and its implications, no organism can 
pick and choose particular ionic effects, or ratios 
between selected pairs of ions. It is therefore clear 
that the biologists’ concept of ‘‘antagonism’’ between 
Ca and K, or any other pair of ions chosen from a 
larger group, enshrines a fallaey—but it is a fallacy 
that has become an article of faith for many ‘‘fringe’’ 
users of chemist ry. 

An up-to-date definition of the purposes of soil 
management for producing food or other crops thus 
comes by joining first principles about ions to what is 
known or may be discovered about nutrients (how- 
ever classed). It is: 

To supply needed nutrients while keeping pL at 
an optimum not greater than about 13 and maintain- 
ing G at or slightly above 2-4. 
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a conductivity is a prop- 
erty often overlooked or consid- 
ered of little consequence in the 
selection of packaging materials. 
Growth of the frozen and refriger- 
ated foods industry, however, is 
placing increased emphasis upon 
the thermal properties of the 
package. Frozen foods producers 
are interested in faster and more 
efficient freezing. Grocers are in- 
terested in obtaining maximum 
efficiency from storage cabinets — 
which are frequently overworked. 
And, of course, the ultimate con- 
sumer is interested in rapid thaw- 
ing or heating. The high efficiency 
of aluminum foil as a conductor 
of heat makes it unique among 
flexible packaging materials. 


Both freezing and thawing can 
be speeded by aluminum foil’s high 
thermal conductivity —by faster 
removal of heat from the package 
in air blast, plate or immersion 
freezing, and by faster transfer of 
applied heat into the package in 
thawing. On the other hand, where 
heat is conveyed by radiation 
rather than by contact, the high 
radiant heat reflectivity of alumi- 
num foil will retard thawing rates. 


Still other benefits are to be 
gained in storage situations where 
it is important to minimize tem- 
perature fluctuations. As an illus- 
tration, the accompanying graph 
shows the temperatures of ice 
cream in pint packages of waxed 
fiberboard cartons with and with- 
out aluminum foil overwraps. 


© 1960 by Reynolds Me’als Company 


These packages were stored in an 
open top refrigerated display cabi- 
net typical of those generally 
found in self-service markets. 


It is a well documented fact that 
ice cream deteriorates rapidly 
through softening, shrinking and 
coarsening of texture if the tem- 
perature rises even a few degrees 
above its proper storage temper- 
ature. The most severe test of the 
packaging material, naturally, 
takes place in the top layer of the 
storage cabinet since exposure to 
radiant heat and convection cur- 
rents is greatest at that point. 
Practical experience shows that 
ice cream in this location does, in 
fact, deteriorate most rapidly. 


Test results shown in the graph 
indicate that, in this most exposed 
layer, the ice cream in foil wrapped 
cartons was held at 9° F lower tem- 
perature than ice cream in plain 
cartons on the same layer. 


Even in the bottom layer, where 
radiation and convection are mini- 
mized, the temperature of foil 
wrapped ice cream was maintained 
at 4°F colder than ice cream in 
plain cartons. 


Two properties of the aluminum 
foil wraps were responsible for 
maintaining these important lower 
temperatures. First, the great re- 
flectivity of aluminum foil reduced 
the temperature rise due to radi- 
ant heat. Second, the high thermal 
conductivity of the aluminum per- 
mitted the gained heat to be con- 
ducted downward to the colder 
areas of the cabinet where it was 


Aluminum Foil Packaging — 


Advantages of High Thermal Conductivity 


One of a Series of Reports by Reynolds Metals Company 


effectively removed by the refrig- 
eration equipment. 


The absolute temperature val- 
ues are not the significant point. 
What is significant is that the ice 
cream in plain cartons on the 
upper levels deteriorated while the 
foil wrapped ice cream on the 
same levels did not because lower 
temperatures were maintained. 

Your local Reynolds represen- 
tative will be glad to show you how 
aluminum foil packaging can best 
meet your individual problem. 
Or you may write direct to 
Reynolds Metals Company, Gen- 
eral Sales Office, Richmond 18, Va. 
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kor a solution intended for growing ordinary land 
plants that definition or prescription covers every- 
thing; in actual soil, the rate or intensity of release of 
phosphate provides a complication not yet resolved. 
Without giving details of fertiliser action, [am 
content to show that any consequence of using or not 
using fertilisers can be evaluated ino natural ways 
consistent with ordinary chemistry; and that quan- 
titative principle can come into its own throughout 
the sphere of production of food and crops, and 
probably in other spheres of chemistry too, 

There is an important ionic principle with chemical 
interest everywhere, You have seen the undesirability 
of taking ratios between any number of ion-species 
fewer than the total present; but, if you take all 
ions vou should —and calculate in equivalents (as 
is common in biologieal work), you invariably get the 
ratio 1-00. That produces no information; unless to 
show that vour analysis is complete. 

Accordingly, | suggest that biological respects 
Nature cannot operate terms of ion-equivalents 
(bevond satisfying their inevitable 1:1) ratio); but 
she must operate in ratios of all cations to all anions 
by weight. Therefore, disturbance of quantity of one 
or more of the kinds of ions in poor or over-manured 
soil, or in bodily disease, will have different types of 
effects according as G is allowed to vary (as in soil) 
or is normally held constant (as it probably in 
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healthy muscle or blood of a given species). That 
idea opens up wide possibilities, provided, of course, 
that all ions are recorded, and not merely some of 
them. 

Fertilisers require fuel, or at least a good deal of 
energy, in their making. A tremendous change super- 
vened in man’s relations with his world when ferti- 
lisers came into general use towards the end of last 
century —roughly about 1890, or 70 years ago. 

That was a time of discovery and important innova- 
tions. All of them—except the unprecedented new 
note in our food-supply have been amply publicised 
so that everybody has at least heard of them. Y-rays, 
radiochemistry, quantum theory, the aeroplane, the 
steam turbine: anyone can easily add others. Those 
in engineering and applied) physies will probably 
come most readily to mind; so may [ add a chemical 
novelty not widely recognised, on which much of our 
protein has hung since 1904—namely, the exploita- 
tion of large sulphur deposits by the Frasch process ? 

Sulphur, used to make immense amounts of super 
phosphate, typifies the radical departure from all 
that had gone before in food-gathering. That has had 
no publicity as far as | am aware; and the **authori- 
ties’ about world population and food supply do not 
seem to have even noticed that anything has changed 
about the winning of food since the time, not long 
ago, when all people got all their food from the 
annually renewable resources of sun, soil, wind and 
rain. No professional sociologist, economist or his 
torian has noted the significance of the change that 
occurred when man began to use fossil fuel to produce 
and gather food. The prevalent idea still is that all 
food comes from current photosynthesis alone. That 
is a relic notion surviving from a former age. 

As a loose way of expressing man’s mode of living 
up to about 1890, it might pass muster; but it is not 
true, on any count, of our present circumstances or 
of the immediate future. To make a statement about 
food that shall be true, now and heneeforth (as for 
the past 70 years or so) it is necessary to take into 
account both our daily income of solar energy and 
the energy of those reserves of fossil fuels raided to 
produce more food than we could get from current 
income alone. 

The increase in’ population of the technically- 
advanced peoples for the last few decades has been 
upheld by crops and fish harvested by the aid of fossil 
fuel. Among these new and enlarged crops the 
legumes have been vital and central. 

First about 1890 steam vessels began to replace 
wind-power in fishing; later came oil-driven fishing 
vessels, then motorised cultivation of land. There 
are many other mechanical and physical instances 
of this use of fuel. Reserves of phosphate rock and 
of potassium salts are ample for the foreseeable 
future; but the position about fuel itself is less clear 
If fuels were well distributed geographically and 
were used only for food production, there would be 
no need to worry ; only a small proportion of fuel is so 
used. However, by using fuel for non-food purposes 
such as going about in motor-cars and aeroplanes, 
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extracting uranium, propelling rockets and maybe 
setting up space-stations, man is making a flippant 
bet with Nature that it will all come out right in the 
end. Meanwhile, let us—as people specially interested 
in food—note what the real situation is, and think 
what the consequences might be, say 40 vears on. 

Irrigation-—often linked with supposedly 
limited’? energy expected from nuclear power—is an 
almost empty talking-point, ignoring economics as 
well as science; even if electricity cost nothing to 
generate, the costs of transmission would prevent 
its becoming much cheaper. 

A rough estimate is that if the energy of three 
400-megawatt power stations (the size of those now 
being built in’ England) were applied merely to 
pumping irrigation water from coast to desert, their 
liquid threugh-put might serve to nourish about one 
million people. That ignores the still vaster amount 
of energy needed to separate usable water from sea- 
water. Such notions for the future extension of 
irrigation might be truly called pipe-dreams. Evapo- 
ration of sea-water at present efficiencies requires 
burning of about half an inch of oil per acre to pro 
duce enough water to irrigate an acre, or say 40 tons 
of oil per annum to feed one or two people. 

There is nothing in sight to justify the idea that 
any form of external physical energy—even sunlight 

can give all of us now or in the future the human 
energy that can be obtained only by eating the right 


sorts of food. 


Food is a substance; it cannot be generated by 
energy, but requires other substances for its produe- 
tion. The fact is that about a third of ‘*‘ Western”’ 
and Japanese people at present, and an increasing 
proportion of mankind in the near future, must de- 
pend for food on diminishing stocks of fuel under 
the surface of the earth 

Food science embraces all countries and all seas. 
It is very much a matter of soil and climate and there- 
fore (one might suppose) of acquiring and dissemi- 
nating knowledge over a wide area of land and 
thought, wherever a problem touching on food hap- 
pens to exist—say of reclaiming alkaline soils or 
otherwise augmenting food-production in underde- 
veloped lands 

An archaeologist is not expected to do all his digging 
in his own back garden. If you pick up the Radio 
Times or daily newspaper, you will often find a talk 
or article by some architect, archaeologist, economist, 
or student of the outsides of birds who is acquainting 
the publie with what he saw during a study-visit 
overseas. But you cannot use this yardstick with 
chemistry, because what chemists have to say is not 
usually supposed to interest the public. 

A power of imperial rank might be expected to 
understand the need for extending food science 
abroad—the more so if its own income of food de- 
pends largely on imports of food. There seems to be 
no such awareness as to render exchange of ideas 
about food production easy, not even within the terri- 
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tories of the Commonwealth; a British chemist whose 
study is food may as well accept the facts, first that 
he is confined to a region of these islands and, 
secondly, that his opportunities for giving formal 
teaching about fundamentals of food to the present 
and the coming generation, either at home or abroad, 
will be minimal or zero. The appropriate machinery 
does not exist, 

The Fisheries Branch of the Ministry of Agricul- 
ture, Fisheries, and Food does have research ships 
travelling laboratories—to take its scientists to the 
fish; nothing like that has been envisaged for the 
appreciation of man’s relationships to his soils. It 
may be noted that the only recent organised explora 
tion was of a continent where there is no human life, 
no soil and no plants 

The explanation of this negleet of study of the 
basic relations between man and food is, | think, 
to be found in edueation, and in the circumstance 
that impulses to acquire knowledge and found new 
techniques are conditioned by laymen; only those 
gaps about which laymen are conscious are likely 
to be filled without much effort in argument and 
persuasion by sclentists——elfort, that is, additional 
to sclentifie work proper. Harwell was not built) by 
the process of subordinates petitioning for a few 
hundred pounds® worth of equipment at a time. Fun- 
damental science cannot be prosecuted unless in a 
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field of which laymen have grasped the importance, 
and it is safe to say that no layman has heard of 
chemical ecology—which is the chemical and fuel 
aspect of the relation of living things to the world. 

Putting chemical ecology into plain language and 
calling it ‘food production for the future’? does not 
vet seem likely to attract eager attention from those 
outside the Food Group. Most people will be un- 
concerned, being already comfortably convinced that 
there is really nothing to worry about—now that 
synthetic nitrogen, nuclear energy and a_ wheat 
(**food’’) surplus are with us and that international 
organisations have been set up to study food problems. 

The truth is that existing agencies are tending to 
obscure major truths about the origins of food. To 
spread the facts, and to bring implications of estab 
lished knowledge within reach of everybody, could 
be social service of high order. In a letter to Chemis- 
try & Industry (February 15, 1958, p. 189) 1 sug- 
gested that there is an opportunity for the Society of 
Chemical Industry to take the leading place among 
counsellors about food and man. Education, like 
culture, needs to be a thousand men thick. 

There is a long-standing failure of university 
chemistry departments to tackle fundamentals of 
food science. It was in 1858 that the ehemist Louis 
Pasteur in Lille founded bacteriology, and Thomas 
Anderson, a medical man who was chemist to the 
Royal Highland and Agricultural Society and Regius 
Professor of Chemistry in Glasgow, introdueed some 
pioneer chemical ideas about crops. Since about 
that time no fundamental or essentially novel idea 
about soil or crops or other non-homogeneous ma 
terials of biological importance has come from a 
university chemistry department, as far as | know. 

Agricultural chemistry has too long had its funda- 
mentals left to amateurs like J. B. Lawes and the late 
Sir George Wilson, and to sewage boards, agricultural 
colleges and other non-university bodies. In the last 
decades, brewery chemists alone have made more 
useful approaches to biological variables than a 
hundred years of university chemistry have done. 

At the turn of this century, the contrast between 
the questing vigour of basic physies and the somno- 
lence of food seience was sharp. Young university 
men like Planck and Einstein were evolving ideas 
that form part of the mentality of thinking people 
today. When Lawes died, a very old man, in 1900, 
there was no tradition of food chemistry, and the 
spirit of enquiry was spent. There was, and is, no 
teaching effective enough to displace irresponsible 
notions like those of William Crookes about nitrogen : 
Lawes had stated the governing principle (p. 6) 
but it is still generally unknown. Seventy-odd years 
after a historical change, the tremendous fact that 
man himself is in an unprecedented food-relationship 
with his world awaits recognition. 

It is true that food chemistry has never had a 
shake-up comparable to that administered by the 
discoveries of Beequerel and Réntgen. But nothing 
dramatic is needed. All that is required is an appreci- 
ation of ordinary basie chemistry and the ability to 
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follow up the idea that food consists essentially of 
reduced carbon and nitrogen combined and obtained 
in particular ways. 

The status of food seience suffers from lack of 
attention to fundamentals. Though serious misunder- 
standings about food prevail among laymen, many 
scientists need reminders and correction about) basic 
science, Thus: much that is written about ‘‘ions”’ 
(notably in Holland reference to composition of 
herbage) does not apply te ions at all. Published 
“tonite include such constituents as protein- 
sulphur and total calcium. No inorganie chemist 
would refer to ‘‘the cobalt ion’? in potassium cobalti- 
nitrite! 

That not only authors, but seientifie editors and 
referees, see nothing odd many aberrations of 
chemistry and logic in biological procedure does sug- 
gest how great is the need for a return to chemistry 
in work on food and nutrition and that more attention 
needs to be given to chemical ecology and so to the 
training of those who may be going to do ecological 
and biochemical work. Some biological branches of 
chemistry seem to have weakened themselves 
becoming almost detache | from the parent tree. 

The bodies that have, or have had, fundamental 
interests in chemical ecology do either no teaching or 
little or none at graduate and post-graduate level, 
Is it surprising that there is intellectual stagnation 
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Brined cherries 


The softening of brined cherries by polygalacturonase, 
and the inhibition of polygalacturonase in model systems 
by alkyl aryl sulfonates. Wilbert F. Steele and H. Y. 
Yang. 

The cherry brining industry in the Pacifie Coast States has 
increased greatly since the passage of the Tariff Act of 
1930. Until the passage of this act more than 80% of the 
brined cherries used for the manufacture of glace and 
maraschino cherries in the United States were imported from 
European sources, Since that time the percentage has been 
reversed until today most of the brined cherries used for 
this purpose in the United States are supplied domesti- 
cally. There have been oceasional occurrences of cherries 
softening in the brine. In this study no polygalacturonase 
activity could be demonstrated in firm ripe cherries, nor in 
cherries infected with cherry powdery mildew or brown 
rot. None of these appears to be involved in the softening 
of che ries during the brining and storage period. The 
alkyl aryl sulfonate detergent Naceonol NR was found to 
be an effective inhibitor for the polygalacturonase in Pee- 
tinol M in cherry brine at pH 2.6 and in buffer solutions 
at pH 3.0, 3.6 and 4.0. Inhibition of this enzyme by Nae- 
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about food supplies and the scientific principles by 
which food is produced? 

So long as the universities are dismissive, the higher 
ranks that form opinion and allocate funds are un- 
likely to be penetrated by information about the 
origins of food. There is a serious risk that, in the 
second half of the twentieth century, public attention 
to food problems will continue to be held by discussion 
of the soundness of an elghteenth-century idea of 
Malthus as abutted by an echo from nineteenth 
century wrong notions about photosynthesis and mi- 
trogenous fertiliser. Has nothing really been learnt 
in food science since 1798, or, say, 1880? And can 
anyone imagine a dietum of Thomas Telford (who, 
like Malthus, died in 1834) being received now as a 
cardinal theme of engineering problems of the future ? 

If we must have an old idea, let us have a good one : 
from D. B. Reid's 1836 ** Text-book”’: 

. the juster views that are now entertained of 
the nature and objects of education, require the re- 
modelling of a system which had its origin in times 
of comparative darkness, and when Chemistry was a 
very subordinate art.”’ 

Since we must all eat, and because the only form of 
energy that is able to keep us and our descendants 
alive is what is got from food having a due proportion 
of protein, these questions relate to social matters of 
interest to all scientists, having an impact on every 
citizen. 


conal NR at pit 4.0 was found to be direetly proportional 
to the concentration of the detergent added for 0.1) and 
0.20 Pectinol solutions. This type of inhibition is 
typical of non-competitive enzyme inhibitors. The deter 
gent Nacconol NR did not cause any deleterious effect when 
added to firm brined Bing or Royal Anne cherries at a 
concentration of 0.59 two weeks before processing into 
maraschino cherries. The effect caused by adding Naccono! 
NR to cherries at the time of brining was not determined 
and this should be done before it is used as a general 
inhibitor of polygalacturonase. The “eats claw” disease 
of Bing and Lambert cherries was found to contain a large 
concentration of a polygalacturonase, and these cherries 
caused rapid deterioration of brined cherries when 100% by 
count of the infeeted cherries were brined with firm Bing 
cherries. The cherries had deteriorated noticeably within 
10 days after brining. Since the pectic materials are gen- 
erally conceded to be responsible for the firm texture ot 
brined cherries, it would appear that a polygalacturonase, 
rather than other types of polysaccharidases, is primarily 
responsible for the observed softening. The type of soften 
ing observed in these cherries was similar to that described 
by MeCready and MeComb in 1954, and to that found in 
commercially packed cherries from the 1957 season. This 
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indicates that the type of spoilage which resulted in’ the 
softening of brined cherries during 1957 was probably 
identical to that caused by “eats claw” contaminated cher- 
ries. Little further deterioration was observed in these 
brined cherry samples after the enzyme activity had 
stopped. The period of breakdown was found to parallel 


the time of polygalacturonase activity. (See page 121.) 


Autibiotics Preservation of harvested 
spinach 


Factors affecting decay of prepackaged spinach. Rh. I. 
Becker, Ro N. Goodman, and H. S. Goldberg. 


To overcome the harmful effects of high temperature, 
refrigeration has been widely used to reduce the incidence 
of soft ret in prepackaged spinach. In commercial prac- 
tice, exeess wash water is commonly removed by centri- 
fuging the spinach prior to bagging. However, despite 
refrigeration, centrifugation, and careful handling, the 
shelf lite of prepackaged spinach is) often limited to a 
very few days. Previous work showed that, under condi 
tions of rapid deeay, 25 meg ml sointions of oxytetra- 
eveline, chlortetraeyveline and streptomycin sulfate retarded 
the development of soft rot and reduced the population of 
bacteria in prepackaged spinach. Data from the present 
study indieate that spinach grown during the hot summer 
months is more susceptible to decay than that grown at 
other times of the year. Experimental evidence has shown 
that total bacterial population and the population of actual 
soft rot bacteria are directly proportional to rate of decay 
There is no such relationship in the ease of yeast and fungi. 
Thus, rate of deeay appears to depend on the bacterial 
population of the spinach. However, other factors, such as 
the nitrogen content of the leaves, may also play a part in 
determining the deeay rate, either by affecting the micro 
organisms or by predisposing the spinach to attack, Evi- 
dence obtained from this study suggests that antibiotics 
used at low concentrations have practical applications in 
the preservation of leafy vegetables such as spinach. It is 
felt that these chemicals would be particularly effective in 
reducing the number of bacteria during warm weather, 
when soft rot development is most rapid. To date, the 
Federal Drug Administration has not approved the use of 
antibioties the preservation of harvested vegetables. 
Llowever, since spinach is usually eaten after it is cooked, 
heat labile antibiotics such as oxytetracyeline chlor- 
tetracyline may in the future tind a place in the preserva 
tion of harvested leafy vegetables. (See page 127.) 


Packagiug Collapsible polycthyli ue 
tubes for food 


The collapsible polyethylene tube as a food package. J. |) 
Kemp, R. M. Ballantyne, A. J. Dueker, and J. W. Haynes 


Many types of military field rations contain spreads such 
as jam, jelly and peanut butter. Individual rations re- 
quire a light weight package containing about two ounces 
of such spread. Standard commercial packages are 
usually cans or glass jars which contain quantities sufti- 
cient for several meals. The smallest sanitary can conmer- 
cially available in Canada holds four ounces of jam and 
the only individual portion package—the small, formed 
plastic cup used by restaurants and airlines—is too fragile 
for military use. To satisfy the need for a suitable pack- 
age —one that is light in weight, will protect the food satis- 
factorily for two vears at 70° F, will withstand a moderate 
degree of rough usage, is capable of being reclosed, and 
will not present a serious damage hazard to other packages 
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with which it might be assembled—the use of collapsible 
polyethylene tubes was considered. The tubes proved to 
have considerable strength. A filled and properly sealed 
tube laid on its side would support one hundred and fifty 
pounds weight without rupturing; therefore the tubes were 
not regarded as being a serious breakage risk in field ra- 
tions. A series of storage experiments was condueted in 
the cold (0° F), at a normal room temperature (70° F) 
and at an elevated temperature (100° F). The products 
were raspberry jam, grape jelly, honey, peanut butter and 
creamery butter. Lined (i.e., coated with polyvinylidene 
chloride resin) and unlined collapsible polyethylene tubes 
were the containers. Lined tubes were found to be more 
suitable than unlined tubes because of a lesser tendency 
to produce off-flavours and because of their impermeability 
to oils. This impermeability indicated their potential suit- 
ability as packages for oily foods such as butter and 
peanut butter, but oxygen transmission characteristies of 
the tubes should be investigated more fully. During com- 
parative tests at 100° F the storage life of jam, jelly and 
honey in lined tubes was generally comparable to that in 
bottles or cans for periods up to three months; thereafter, 
the quality of foods in bottles and cans was slightly 
superior, (See page 131.) 


Method to dete 


done 


Defrosted turkey 

halves 
Doneness of frozen, defrosted turkey halves roasted to 
several end point temperatures. Grayce 8S. Goertz, Kath- 
erine Cooley, Martine C. Ferguson, and Dorothy L. 
Harrison. 


Methyl Ester 
Analysis 


The Aerograph gives you complete 
separations of methyl esters in minutes. 
Note the excellent separation of the 
C-18s with methyl arachidonate re- 
solved in 30 minutes. We can show you 
how to get comparable results with 
other esters. 


TIME MINUTES 


Before a reliable and uniform research method to roast 
turkey can be formulated, various procedures for deter- 
mining end points need further examination. The purpose 
of this study was to investigate certain end point tem- 
peratures in both breast and thigh to determine which 
would produce most consistently an optimumly done bird. 
Kighty frozen defrosted Broad Breasted bronze turkey 
halves were roasted at 163° C (325° F) to end point tem- 
peratures of 85° and 90°C in the pectoralis major 
and 85°, 90° and 95°C in the thigh. Turkey halves 
roasted to either 90° C in the pectoralis major or 95° C 
in the thigh were satisfactorily done. However, an end 
point temperature of 90° C in the pectoralis major was 
preferred to 95° C in the thigh because of the size and 
greater uniformity of the pectoralis major musele, Tur- 
keys roasted to 85° C in the pectoralis major and 90° C 
in the thigh were similar and less done than those roasted 
to 90°C in the pectoralis major or 95°C in the thigh. 
Turkey halves cooked to end point temperatures of 85° C 
in the thigh were underdone. Flavor and tenderness scores 
were similar for birds cooked to all end point temperatures. 
Juiciness scores and press fluid yields were lower and 
cooking losses higher for satisfactorily done than for 
underdone turkey halves. The amount of heat-coagulable 
protein in the pectoralis major was not related to the done- 
ness of the musele. (See page 135.) 


Evaluation methods Darkening of dates 


Studies on domestic dates. I. Methods for evaluating 
darkening. V. P. Maier and Frenk H. Schiller. 


(Continued on page 24 following Technical Section) 
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(Continued from page 21 preceding Technical Section) 
Studies on the chemistry of deterioration of domestic 
dates necessitate the development of reliable objective 
methods for measuring their darkness. Such methods make 
possible the quantitative determination of the effects of 
variables such as temperature, moisture content and oxygen 
concentration on the rate of darkening. Objectives of the 
work veported in this paper therefore were (1) to develop 
a reflectance method for measuring the darkness of dates; 
(2) to develop a solvent extraction method for measuring 
the amount of dark pigment produced in darkened dates; 
and (3) to evaluate and compare both methods over a wide 
range of darkness values using identical samples of dates. 
Two methods have been developed by which the darkening 
of dates during deterioration can be followed. The re- 
flectance method in which either whole or pureed dates 
can be used is very sensitive to the initial darkening and 
is closely related to the visually observed darkness. Use of 
pureed dates is preferred, however, because oi the greater 
precision and the broader range of reflectance values ob- 
tained with light and dark dates. The solvent extraction 
method permits the precise measurement of the amount ot 
soluble dark pigment present in date tissue of any degree 
of darkness. Although the results are not directly related 
to the visually observed darkness, this method has the 
advantage of providing a measure of the later stages of 
darkening where the reflectance method is not sensitive. 
(See page 139.) 


Antibiotics and irradiation Round steaks 


The use of antibiotics and gamma irradiation in the aging 
of steaks at high temperatures. G. 1). Wilson, P. D. 
Brown, W. R. Chesbro, Betty Ginger, and C. Edith Weir. 


Tetracycline antibiotics alone and in combination with 
gamma radiation were used as preservatives during aging 
at elevated temperatures. It has been reported that high 
energy irradiation and the tetracycline antibioties com- 
plement each other in their preservative effect on meat. The 
adverse effeets of irradiation on meat flavor are generally 
proportional to the dosage empoyed but are not pro- 
nounced at “pasteurization” levels. Beef has been shown 
to be more susceptible than pork to flavor and odor altera- 
tion. In the present study, both antibioties and irradiation 
were used, when needed, to allow maximum flexibility in 
holding conditions with the objective of establishing the 
optimum aging time and temperature for the rapid ten- 
derization of beef. Round steaks from U. S. Utility and 
U. S. Good carcasses were used to determine the optimum 
conditions of high temperature and time for inereasing the 
tenderness of beef by aging. Microbial growth during 
aging was effectively controlled by infusion of 30-50 ppm 
of oxytetracycline into the rounds prior to cutting, or by 
45,500 rad of gamma radiation in combination with the 
antibiotie treatment. At the level used (45,500 rad), 
gamma irradiation did not affect the tenderness or ten- 
derization of steaks aged at 110° F for 24 hours. In 


other experiments, 2 days at 90° F and 24 hours at 


110° F were found to be optimal for aging = steaks 
Steaks aged for 24 
hours at 120° F showed greater increases in’ tenderness 
than those aged for 24 hours at 110° F or for 2 days at 
100° F,. Aging at 90° F necessitated more severe treatment 


to achieve effective tenderness. 


to provide excessive bacterial growth; aging at 120° F 
resulted in more undesirable color and flavor changes in the 
steaks than found in those aged at the lower temperatures. 
On this basis, 24 hours at 110° F was selected as the most 
desirable aging time and temperature for the rapid ten- 


derization of the beef round steaks. Additional studies 
showed that steaks aged for 24 hours at 110° F had tender- 
ness increases comparable to those found in steaks aged 
for 14 days at 35° F. (See page 143.) 


Freezing technology Boysenberries 


Time-temperature tolerance of frozen foods. XX. Boysen- 
berries. D. G. Guadagni, K. M. Eremia, 8. H. Kelly, and 
Jean Harris. 


Detailed results on time-temperature tolerance of major 
frozen fruits in retail packages have been reported pre- 
viously. This paper gives results on effect of temperature 
in larger than retail packages. Since frozen boysenberries 
are mainly prepared in individually quick frozen form and 
packaged in institutional sizes for remanufacture into pies 
and other products, the principal effort in the experiments 
reported was devoted to this type of product and size of 
package. Results on moisture, ascorbie acid, color, and 
flavor changes in both individually quick frozen and sirup- 
packed frozen boysenberries held at temperatures from 0 
to 30° F are reported. Stability of siruped boysenberries 
in retail packages was very good in the temperature range 
of 0° to +10° F, but individually quick frozen boysenber- 
ries loosely packed in cardboard cartons were somewhat 
less stable at the same temperatures. At 20° to 30° F the 
apparent stability was in favor of the individually quick 
frozen fruit. Color diffusion from berries to sirup  pro- 
vides a means of estimating temperature history in the 
retail packs. Time required for accumulation of 10 to 12 
mg/100 @ of oxidized asecorbie acid (DHA + DKA) ecor- 
responded to the approximate high-quality life (as deter- 
mined by panel measurements) of both siruped and 
individually quick frozen berries held at temperatures of 
10° to 30° F. Moisture loss in individually quick frozen 
herries detracted from appearance of the top layers of 
fruit and reduced the package net weight by 6 to 8% dur- 
ing the high-quality life of samples held at 0° to 10° F. 
At 20° F, definite quality changes oecurred when only 2 
to 3% weight loss was recorded. (See page 148.) 


Cherry seed oil 


New produc t (pote ntial) 


Composition of cherry seed and cherry seed oil. (Prunus 
cerasus). K. G. Weekel and H. D. Lee. 


The processing of cherries results in the disposal of very 
large quantities of cherry seeds. In Wisconsin and Michi- 
gan, the total cherry production averages 120 million 
pounds annually. The seeds are not used to provide in- 
come to the ecanners or growers. Kernels from cherry pits 
have been reported to contain an oil resembling that of 
almond, The amount of oil in the kernel ranges from about 
30 to 38% of the dry kernel weight. The weight of the 
kernel represents 28% of the total cherry pit weight. The 
moist cherry pit accounts for about 10% of the total cherry 
weight. The weight of the moist cherry pit is about twice 
the weight of the dried cherry pit. From these data, it has 
been estimated the amount of cherry kernel oil potentially 
available in Wisconsin and Michigan is 100,000 gallons. 
Cherry kernels have a fairly high protein and stareh con 
tent which may have potential in animal and food mixtures, 
The composition of cherry kernel oil resembles that of 
almond oil and is quite similar to that of corn oil, peanut 
oil and sesame seed oil. Elaeostearic acid was shown to be 
present in cherry kernel oil. The presence of elaeostearic 
acid may be the cause of accelerated development of oxida- 
tive rancidity observed in the oil. (See page 151.) 
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syrups and flavored sauces—these are just a few of the 
food products you can easily and profitably protect from 
spoilage with SENTRY Potassium Sorbate. Potassium 
Sorbate is 58 per cent soluble in water at room tempera- 
ture! Soluble, too, in alcohol, brine, and sucrose solutions. 
So, no costly mixing equipment is needed to put Potassium 
Sorbate’s mold resistance in your product. 

Potassium Sorbate is the new companion to Sorbic, 
CARBIDE'S food grade sorbic acid. At the reeommended 


effective concentrations, both are safe (they are digested 
like butter fat) and neither affect taste, aroma, or appear- 
ance in most foods. Of course, as with any new ingredient, 
you should test them in your own products. 

SENTRY Sorbic and Potassium Sorbate are available 
now in commercial quantities. Evaluate them both in 
your products today. Get information and SAMPLES 
from the Technical Representative in the nearest CARBIDE 
office. Or write Department B, Union Carbide Chemicals 
Company, Division of Union Carbide Corporation, 30 
East 42nd Street, New York 17, New York. 


SENTRY is a registered trade mark. 


for longer keeping life... SENTRY SORBIC and POTASSIUM SORBATE 
UNION CARBIDE CHEMICALS COMPANY 
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The Softening of Brined Cherries by Polygalacturonase, 
and the Inhibition of Polygalacturonase in Model 


Systems by Alkyl Aryl Sulfonates~* 


Manuscript received September 23, 1959 


Tur CHERRY BRINING INDUSTRY in 
the Pacific Coast States has increased greatly since 
the passage of the Tariff Act of 1930. Until the pas- 
sage of this act more than 80% of the brined cherries 
used for the manufacture of glace and maraschino 
cherries in the United States were imported from 
European sources. Since that time the percentage 
has been reversed until today most of the brined 
cherries used for this purpose in the United States 
are supplied domestically. 

The brining method which has proved to be most 
suitable for the preservation of cherries in the Pacific 
Northwest was developed by Bullis and Wiegand in 
1931 (2). This procedure employs a brine containing 
approximately 1.25% sulfur dioxide to bleach the 
cherries and to prevent microbial growth, and 0.7% 
calcium hydroxide—or its equivalent in other cal 
cium salts—to form a firm gel with the peetie ma 
terials present in the cherries. This has proved to be 
generally satisfactory, but there have been occasional 
occurrences of cherries softening in the brine. This 
type of damage was first noticed in the Yakima, 
Washington area about 1947 (24). 

McCready and McComb (16), in 1954, published 
the first report on this type of spoilage of brined 
cherries They observed that, ‘* . . . soft brined 
cherries seem to be attacked from the outside by a 
pectin degrading enzyme, since the stems fall off and 
part of the outer skin begin to slough. The pectic 
substances are slowly attacked during the brining 
storage period and then are so badly degraded that 
they are no longer capable of forming firm ealeium 
pectate gels within the cherries.’’ 

Since the damage was scattered and slight, little 
further investigation was made of the cause or source 
of the spoilage agent. During 1957, however, exten 
sive damage to brined cherries occurred in Oregon 
and Washington. This softening, as in the previously 
reported cases, was not noticed until the crop was 
being prepared for shipment to processors, which was 
several weeks after the crop had been brined. Conse 
quently, the cherry briners affected suffered a heavy 
loss, estimated at more than 11,800 barrels valued at 
approximately $516,000 (27). 


The softening observed during 1957 appeared to be 


‘Approved for publication by the Direetor of the Oregon 
Agricultural Experiment Station as Technical Paper No. 1264. 
Contribution of the Department of Food and Dairy Technology. 

” Partly based on a thesis by Wilbert F. Steele, submitted in 
partial fulfillment of the Master of Science Degree. 


Wilbert F. Steele and H. Y. Yang 


Department of Food and Dairy Tech- 
nology, Oregon State College, 
Corvallis, Oregon 


identical to that reported by MeCready and McComb 
(16). However, the cause was still not known and it 
Was hecessary to set up a general program to (a) de- 
termine the source and nature of the agent responsi- 
ble for softening, and (b) search for a method of 
preventing damage to the cherries after brining. 

Krom the nature of the softening as related to the 
brining precedure it appeared that a pectin degrading 
polygalacturonase was responsible since this enzyme 
is capable of hydrolyzing tie 1,4-glycosidie linkages 
of pectinie and pectie acids. “Such an enzyme might 
result from microbial growth o» the fruit prior to 
brining, then act on the fruit during the brine curing 
period. Two other possible sources of polygalac- 
turonase were the fruit itself which might synthesize 
the enzyme during ripening, or certain” cherry 
diseases, The disease cherry powdery mildew (Podo- 
sphacra oxayacathae D. C. de By), which was preva- 
lent during 1957, was one of these. 

Literature background. The report of McCready 
and MeComb (16) is the first in which the enzymatic 
softening of brined cherries is indicated. Investi- 
gators at the U.S.D.A., Western Utilization Research 
and Development Division (25), Ross, Yang and 
Brekke (23) and Wiegand (24) are in agreement that 
softening of brined cherries results from the action 
of pectin degrading enzymes, 

The softening of cucumbers in commercial and 
model fermentations has been studied by Etchells, 
Bell and Jones (5) who have found pectic enzymes 
in cucumber flowers which contained a number of 
fungi (Fusarium, Penicillium, Alternarta, Mucor, and 
Aspergillus). The inhibition of this enzymatie action 
in cucumber fermentations by scuppernong grape 
leaves has been reported by Etchells, Bell and Wil- 
liams (6) 

The softening of strawberries and other small fruit 
preserved in sulfurous acid solutions without heat 
treatment has occurred in England, according to 
Joslyn and Braverman (8). This has been attributed 
to the presence of enzymes secreted by the micro- 
organisms (chiefly molds) contaminating the fruit, 
and not to the activity of naturally occurring enzymes 
present in the fruit 

The occurrence of polygalacturonase activity in 
ripe pears and avocado has been reported by Me- 
Cready and MeComb (17). They did not detect any 
polygalacturonase activity in unripe pears, peaches, 
or avocado. 


The action of pectic enzymes has been reviewed by 
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Kertesz (10, p. 335-375), who concluded that there 
was sufficient evidence to justify the naming of a 
pectin-methylesterase, which hydrolyzes the methyl! 
ester group of pectinie acids, and polygalacturonase, 
which is capable of hydrolyzing the 1,4-glycosidic 
linkages of peetinic and peetie acids, MeCready, Me- 
Comb and Jansen (79) found no difference in the 
reaction of polygalacturonases from avocados, to 
matoes, or fungi 

Pectin-methylesterase occurs in the roots, stems and 
leaves of many higher plants. Phaff and Joslyn (21) 
report that it is produced by many fungi and bae- 
teria. Demain and Vhaff (3), Kertesz (10), Line- 
weaver and Ballou (7/3) and MaeDonnell, Jansen and 
Lineweaver (11) have reported that this enzyme is 
capable of attacking methyl esters of peectinic acid 
with the formation of pectic acid and methanol. 
Pectin-methylesterase activity in the presence of poly- 
valent ions—especially calcium salts results in the 
formation of a firm calcium peetate gel (10) but no 
vel is formed in the absence of metallie ions. Phaff 
and Joslyn (27) report that pectin-methylesterase is 
often found associated with peetic enzyme complexes. 

The action of peetin polygalaeturonase has been 
studied extensively. The hypothetical degradation by 
hydrolysis of the 1,4-glycosidie linkages of pectinic 
and peetic acids has been supported by the work of 
Phaff and Demain (20), who have ‘isolated a single 
polygalacturonase from yeast as shown by electro- 
phoresis and by ultracentrifuge studies. These au- 
thors observed a rapid, random, initial hydrolysis of 
pectic acid with the production of tetra-, tri-, di-, and 
valacturonie acids. The rate of hydrolysis was found 
lo decrease as the reaction proceeded. 

MeCready and Seegmiller (18) found that puri- 
fied polygalacturonase attacks polygalacturonide sub- 
strates which possess a elycosidic uronide bond 
between two adjacent free carboxyl groups, but fails 
to attack those where one or both of the adjacent 
carboxyl groups is esterified. Peetin-methylesterase 
has been found to inerease the activity of polygalac- 
turonase when present in moderate concentrations 
(21). 

The inactivation of pectin-methylesterase by the 
alkyl aryl sulfonate detergent Naeconol® has been 
reported by MeColloch and Kertesz (15). This deter- 
gent was reported to be an effective inhibitor of the 
pectin-methylesterase of tomatoes, but was found to 
be less effective in inihibiting peetin-methylesterase 
of fungal origin. Experiments with other detergents 
and soaps gave varying results. None of the common 
enzyme inhibitors, such as heavy metals, had any 
inhibiting effeet on this enzyme. Since complete inhi- 
bition of the enzyme was achieved above a certain 
minimal concentration of the Naecconol detergent, 
they coneluded that inhibition was due to surface 
denaturation of the protein, rather than to a combi- 
nation of the detergent with reactive groups of the 
enzyme. Anson (1) has shown that this detergent will 


* Manufaetured by National Aniline Division, Allied Chemi 
eal and Dye Corp., New York, N. Y. 
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cause the denaturation of the proteins of hemoglobin 
and egg albumin at the isoelectric point. 

Kertesz (10) has reported that Naecconol is much 
less effective as an inhibitor of polygalacturonase 
Rahman and Joslyn (22) experimented with the 
inhibition of the polygalacturonase of purified Pee 
tinol" fungal preparations by use of mercurous 
chloride, sodium fluoride, iodoacetic acid and sulfur 
dioxide with no apparent inhibition occurring. In 
experiments on the pHL optimum they reported opti 
mum activity at pH 4 to 5, a very low activity at 
pil 3.0 and decreasing activity from pIl 5 to zero 
activity at pH 8.0, 

Studies on the calcium treatment of apples and 
tomatoes by Laconti and Kertesz (1/7) and Kertesz 
(9) have shown that firm caleium-pectin gels are 
formed by the reaction of calcium with low ester 
pectic substances to form insoluble calcium pectates 
and calcium pectinates. Demain and Phaff (3), in 
their review of the softening of cucumbers, conciude 
that, ‘* ... apparently spoilage can occur via the con 
version of insoluble pectic material (protopeetin) to 
more soluble forms and smaller molecules without the 
loss of calcium peetate forming ability.’’ 


EXPERIMENTAL PROCEDURE 


I. Study of Fresh Cherries 

A. Measurement of polygalacturonase activity. Fresh sweet 
cherries of the major brining varieties—Bing, Lambert, Roya! 
Anne, Black Republican—were tested for polygalueturonase ac 
tivity by a modified procedure based on the ‘‘eup plate’? 
technique developed by Dingle, Reid and Solomons (4) 

A polygalacturonie acid substrate medium was prepared by 
slowly suspending 0.250 (w/v) of polygalaecturonie acid (Ex 
change Lemon Produets Co., No. 491) in distilled water with 
constant stirring. Next, 0.25¢0¢ ammonium oxalate, 10) potas 
sium biphthalate and 0.1¢6, thymol preservative (all w/v) were 
added and dissolved. The pH was adjusted to 4.0 with OLIN 
sodium hydroxide. The medium was transferred to an Erlen 
meyer flask and 26% bacto agar (Difeo) added, and sterilized 
by autoelaving for 15 min at 15 psig. Then 25 ml aliquots 
were transferred to 15 X 150 mm Petri dishes and allowed to 
solidify. Excess medium was stored in stoppered bottles until 
needed, 

A standard curve was prepared representing the polygalac 
turonase activity of Peetinol M solutions in distilled water at 
concentrations from 0.005 to 1.00¢ by serial dilution of a stock 
1.00¢¢ solution (w/v of the air dried unpurified preparation 
For each test, one drop (approximately 0.05 ml) of the test 
solution was placed on the flat surface of the test plate, then 
the plate was incubated for 20 hr at 37° C, and developed by 
flooding with 2 N hydroehlorie acid for 5 min and then rinsing 
with distilled water. Polygalacturonase activity was indicated 
by formation of a elear zone, and the extent of this activity 
could be estimated by measuring the diameter of the zone 
formed, The average diameter of triplicate determinations was 
used for the establishment of a reference curve. 

The standard curve obtained by plotting the diameter of 
clear zone formed against the log per cent of the concentration 
of Pectinol M gave a straight line over a wide range of con 
centration. These data for the Pectinol M solutions by the 
drop method used are given in Table 1. 

A comparison was made of results obtained by use of the 
*feup plate’’ method of Dingle, Reid and Solomons (4), and 
a ‘*drop’’ method where the test solution was placed directly 
on the flat surface of the substrate without eutting cups. 


“Peetinol is the trade name for the pectic enzyme prepara 
tions manufactured by Rohm and Haas Company, Philadelphia, 
Pennsylvania. 
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TABLE 1 


Diameter of clear zone as a function of concentration of 
Pectinol M. Solutions 


Diameter of clear zone 


Concentration, per cent (w/v) formed (mm)! 


0.2.0 
0.5.. 

« Not measurable 

* All plates contained one drop (approximately 0.05 ml) per test 
Results are averages of triplicate determinations Incubation period 
was 20 hours at 37° C, 


Equivalent results were obtained by either method, but because 
of the difficulty encountered in eutting and removing cores to 
obtain approximately circular cups, and because of the further 
difficulty involved in trying to place and measure the test 


solution properly in these eups, the ‘‘eup plate’’ method was 
disearded for the simpler ‘‘drop’’ method. 

B. Determination of polygalacturonase activity in fresh 
cherries. Fresh cherries of several varieties were obtained during 
the 1958 season and tested for polygalacturonase activity. For 
these tests the fruit was macerated with a mortar and pestle 
and one drop of the liquid (approximately 0.05 ml) was placed 
on the surface of the polygalacturonie acid substrate with the 
aid of a 1 ml pipette, and the plates incubated and developed 
us previously described. Although many of these cherry sam 
ples were ripe and highly colored, this coloration did not inter 
fere with the determination. 

Cherries infected with brown rot, cherry powdery mildew 
were also tested during this period. Poly 
gulacturonase activity could be demonstrated only in ripe Bing 
and Lambert cherry varieties infected with what has been 
termed ‘‘eats claw’’ damage. This spoilage is characterized by 
claw-like markings on an area of approximately one-fourth of 
the cherry, and this portion of the fruit has a soft and mushy 
appearance with a considerable exudation of juice, although 


and ‘‘eats claw’’ 


the remaining portion of the cherry is firm and sound with no 
apparent defect. 

Microorganisms from infected cherries were 
isolated and cultured on nutrient agar slant cultures, then 
transferred to a polygalacturonic acid-nutrient agar substrate 


eats elaw 


medium which contained all the ingredients of these two media 
except the thymoi preservative. After inoculation, the plates 
were incubated at 27° C until growth occurred, then developed 
as previously described. The secretion of a polygalacturonase 
during growth of an organism was demonstrated, when it oe 
curred, by a clear zone at the site of growth. No quantitative 
estimation of this activity was attempted because of the 
variations in growth patterns and incubation periods of the 
microorganisms selected. 

Isolated microorganisms which produced a polygalacturonase 
during growth were identified and classified by the usual 
procedures. 

Samples of ‘‘cats claw’’ damaged Bing cherries were brined 
in a standard 1.25% sulfur dioxide-calcium hydroxide (0.7% ) 
cherry brine by placing 10% by count of the damaged fruit 
with 90% of firm ripe Bing cherries. These samples were 
tested periodically for polygalacturonase activity and observed 
for softening. 


II. Studies on the Inhibition of Polygalacturonase 

The inhibiting action of the commercial alkyl aryl sulfonate 
detergent Nacconol NR was determined quantitatively after 
preliminary studies had shown it to be an effective inhibitor 
for the polygalacturonase of Pectinol M. For these studies a 
5.0% (w/v) solution of Naecconol NR was prepared from the 
air dried powder (40% active ingredients). This stock solu 
tion was used to add the required amount of detergent to clean 
dry 200 ml capacity serew eap bottles from a 10 ml micro 
burette. Then 50 ml of freshly prepared 0.1 and 0.2% (w/v) 
Pectinol M solution in pH 4.0 Clark and Lubs buffer was 
added at each concentration of the detergent, and the flasks 
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shaken for 30 see to insure mixing. An aliquot then was with 
drawn and tested for polygalacturonase activity. Approxi 
mately 0.05 ml was used per test, but the quantity had to be 
estimated because of the large decrease in surface tension 
eaused by the addition of Nacconol NR. Tests were conducted 
at intervals of 4, %, 1, 2, 3, 24 and 48 hr. The rate of in 
hibition of enzyme activity was measured as per cent of the 
maximum activity observed in control samples which contained 
no added Naceonol NR, 

The effect of adding Nacecono! NR to cured firm brined Bing 
and Royal Anne variety cherries was observed by adding 0.1, 
0.3, and 0.5% (w/v of the detergent to these cherries. The 
cherries were left in contaet with the detergent for 2 weeks, 
then processed into maraschino cherries by the method sug 
gested by Filz and Henney (7), and compared with control 
samples. No difference was observed in the treated or un 
treated samples, 


RESULTS 
I. The Polygalacturonase Activity of Fresh Cherries 


Results of the polygalacturonase tests of fresh cherries are 
given in Table 2. No enzyme activity was found in cherries 
infected with brown rot, cherry powdery mildew (Podosphaera 
oxayacanthae D, de By), or in unripe cherries. slight 
clear zone formed with all ripe firm cherries tested but this was 
too diffuse to measure and was considered to represent the 
normal occurrence of polygalacturonase in the mature fruit. 


TABLE 2 
The polygalacturonase activity of fresh cherries 


Polygalacturonase test on 


Jescript uit an se 
Description of fruit and disease macerated fruit pulp 


Lambert, severe brown rot negative 
Bing, “‘cats claw whole fruit) positive, 25 mm diam. clear zone 
Bing, ‘‘cats claw damaged por 

tion) of fruit positive, 23 mm diam. clear zone 
Bing, ‘“‘cats claw (undamaged 

portion of fruit) negative 
Lambert, “cats claw positive, 21 mm diam. clear zone 
Cherry powdery mildew 

( Podosphaera oxrayacanthae 

D, ©. de By) negative 
Firm sound fruit—al] varieties 

tested (ripe and unripe negative 


All ‘‘eats elaw’’ 
amount of polygalacturonase activity. This cherry spoilage, as 


damaged cherries tested contained a large 


was mentioned previously, does not cover the total surface of 
the cherry. When the firm, undamaged, portion of these cherry 
sumples was tested, no polygalacturonase could be demon 
strated. The remaining infected portion of the cherry con 
tained all of the enzyme activity. 


II. Tests of “Cats Claw” Infected Bing Cherries 
A. Observations of brined cherries. Brined cherry samples 


prepared from ‘‘eats claw’’ infeeted fruit were tested periodi 


cally for polygalacturonase activity. Samples obtained from 
two different growers (A and B) were prepared. Results of 
the enzyme tests with these 2 samples are given in Table 3. 
The polygalacturonase activity decreased rapidly in these sam 
ples and had stopped completely in sample A after 13 days. 
Polygalacturonase activity was found in sample B at 13 days, 
but had stopped by the 25th day. 


TABLE 3 


The polygaiacturonase activity in brined “cats claw” 
infected Bing cherries 
Per cent polygalactu ronase activity! 
Sample code Days in brine 
2 13 25 


0.05 ; 0? 0 
0.15 ) 0.052 0 
Expressed as % w/v) of polygalacturonase activity found in 
Pectinol M stock solutions 
® Softening and breakdown of brined cherries was very extensive. 
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Softening and disintegration of these samples was noticeable 
after 10 days and had beeome extensive in both samples after 
13 days. Sample Bo deteriorated to a greater extent, but both 
samples beeame soft and mushy; tht pulp separated from the 
pits to a great extent and the stems beeame separated from the 
pulp, or were easily detached in both samples. The appearance 
of these cherries during and after softening was similiar to 
that reported by MeCready and MeComb in 1954 (76). Little 
change was observed in these samples once the polygalac 
turonase activity had stopped. This is similar to observations 
made on samples of commercial soft cherries obtained from 
the 1957 pack which have been kept in the laboratory for over 
uo year with no signs of further degradation. The appearance 
of brined cherries degraded from ‘‘eats claw’? infeetion and 
of commercially packed 1957 soft brined cherries was quite 
similar, indicating that the softening of cherries in both eases 
probably resulted from an identical or very similar eause 

B. The polygalacturonase activity of microorganisms. Several 
microorganisms were isolated from ‘teats claw’? infeeted cher 
ries, and found to produce a polygalacturonase under the test 
conditions used, and were identified as: Rhizopus nigricans, 
Ixspergillus niger, Saccharomyces niger, Penicillium, Rhodo 
forula and apiceulite yeast. Several microorganisms were iso 
lated which did not produce this enzyme under these conditions. 
No attempt was made to identify these latter organisms, but 
thost were yeasts 

These results show that there are several microorganisms 
present in this type of infection whieh are eapable of pro 
dueing a polygalacturonase. However, no mold growth was 
observed on the damaged cherry samples tested. Sinee the in 
feeted cherries were at an advanced stage of infeetion, when 
obtained, it would seem that if the polygalacturonase is pro 
duced by mierobial growth, it is produced primarily by yeasts. 

Since it is not likely that any mierobial growth oecurs after 
the cherries have been brined, the total peetie enzyme must be 
produced before brining, The polygalacturonase of infeeted 
cherries remained active in the sulfur dioxide brine, and oe 
curred in sufficient coneentration to cause rapid disintegration 
of the majority of the fruit present, although only 100, of the 


original fruit was contaminated. 


III. Inhibitors of Polygalacturonase 


Preliminary tests demonstrated that Naeconol NR would 
cause complete and apparently irreversible polygalacturonase 
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inhibition when used in low concentrations. Quantitative esti 
nation of the degree of inhibition was then earried out. These 
data are shown in Tables 4a and 4b. Complete and immediate 
inhibition of the polygalacturonase in 0.1% Peetinol M_= solu 
tions was achieved at Nacconol NR concentrations of 0.024% 
and greater in pH 4.0 buffer. Complete polygalacturonase inhi 
bition of 0.20, Peetitnol M solutions in pH 4.0 buffer, was 
obtained at a Naceonol NR concentration of 0.04. 

A graph of the per cent of maximum polygalacturonase 
activity versus the per cent of Naceonol NR inhibitor added 
showed a straight line relationship to exist for the 0.1 and 
0.2% Peetinol M solutions at zero time. This type of relation 
ship is typical of that for non-competitive enzyme inhibition, 
Where the inhibitor combines with some part of the enzyme 
essential for catalytic action. Surfae denaturation of the 
enzyme protein, as suggested by MeColloch and WKertesz (15) 
for the inhibition of the peetin-methylesterase of tomatoes, 
may well be the eaxuse of this inhibition, Anson (7) has shown 
that Naeeonol causes denaturation of the proteins of hemo 
globin and egg albumin, 

Table 5 shows the inhibition of the polygalacturonase of 
0.16, Peetinol M solutions at pH 3.0, 3.6, and 4.0. The enzyme 
inhibition was found to vary slightly with pH, although th 
polygalacturonase was inhibited completely at all pH values 
by a sufficient concentration of the Nacconol inhibitor, Studies 
on the pil optimum of this enzyme had shown maximum ae 
tivity in the range of 4 to 5 for the polygalaeturonase of 
Peetinol 

The inhibition of the polygalacturonase of 0.10/ Peetinol M 
solutions by Naeceonol NR in standard caleium hydroxide 
sulfur dioxide cherry brine at pH 2.6 was determined and 
found not to differ greatly from the results obtained with 
buffer solutions, Complete and immediate inhibition of the 
enzyme was obtained at Naeconol NR coneentrations of 0.036, 
and greater, 

The surface active agents Igepal DJ-970, Span 20, Tween 40 
and Tween 81 were tried as inhibitors of the polygalacturonase 
of Pectinol M solutions and found to have no inhibiting effect. 
Slow inhibition of this enzyme was obtained by the use of the 
household detergents Joy and Tide. This inhibition might be 
due to the presence of alkyl aryl sulfonates in these two all 
purpose detergents since this type of detergent often contains 


more than one surface active agent. 


TABLE 4 
The inhibition of Pectinol M polygalacturonase by Nacconol NR 


Inhibition in 0.10 solutions at pil 4.0 


Per cent of maximum polygalacturonase activity’ after the indicated time (hours) 


Per cent Nacconol v/v) 


90.0 90.0 
25.0 
oom 55.0 


oo 0 


0.024 te O.040 0 0 


' Maximum circle diameter was 15.0 mm at zeco time in control samples 


Inhibition in o.2¢ solutions at pH 4.0 


Per cent of maximum 


Per cent Nacconol (w/v) 


95.0 90.0 
90.0 BOL 


0.008 


oor Too 40.0 
55.0 
45.0 a 
0.0 
O.028 30.0 0 
"0.0 o 
0.040 0 


‘Maximum circle diameter was 19.5 mm at zero time in control sample. 


0 0 0 


polygalacturonase activity! after the indicated time (hours) 


0 0 0 0 0 
0 0 0 0 0 
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TABLE 5 


The inhibition of Pectinol M polygalacturonase by Nacconol NR 
at pH 3.0, 3.6 and 4.0 
Per cent of maximum polygalacturonase 
Per cent activity! after the indicated time 


Nacconol (hours) 
NR (w 


0 boo 
B5.0 10 0 0 


0.08 70.0 0 0 


Per cent of maximum activity of control sample at each pH value 
immediately after preparation. Pectinol M solutions were 0.1% (w/v) 


DISCUSSION 


A polygalacturonase was found to occur in exces- 
sive amounts only in fresh cherries infected with *‘ cats 
claw’’ type of spoilage. These same cherric. under- 


went rapid and extensive deterioration when brined, 


and the polygalacturonase was found to remain active 


for a period of from 13 to 25 days in the brined cher- 
ries. Once the enzyme activity had stopped, no fur- 
ther change was noted in the appearance of the cher- 
ries, even after an additional seven month storage 
period. 

Since the appearance of these soft cherries was 
quite similar to that of soft commercially packed 
cherries obtained during the 1957 season, the ‘‘cats 
claw’? type of spoilage in fresh cherries is probably 
responsible for the occurrence of cherry breakdown 
in commercial packs. The fact that this enzyme is 
capable of attacking the cherries during the brining- 
curing period demonstrates that the inclusion of a 
small amount (10 ) of such contaminated fruit ean 
cause the degradation of a large amount of cherries 
stored in barrels or tanks. 

The source of the ‘‘eats elaw’’ damage of cherries 
was not determined during 1958. The fact that many 
microorganisms are present at the site of this type of 
spoilage whereas sound fruit normally has only a 
small microbial population, would suggest the proba- 
bility that either yeast or mold growth, with eon- 
comitant secretion of a polygalacturonase, leads to 
this type of contamination. How such organisms are 
able to penetrate the surface of the fruit originally is 
not known, but it is possible that the surface of some 
of the fruit is first damaged in some way during ma- 
turation, thus allowing microbial growth to start at 
this exposed site. 

Of the microorganisms isolated from ‘‘cats elaw’’ 
infected fresh cherries, one, or a group, of the yeasts 
is the most likely source of polygalacturonase produe- 
tion, since no evidence of mold growth was noted; 
and, at the advanced stage of contamination in the 
samples tested, a heavy mold growth would be readily 
visible. All mold isolated produced a heavy visible 


growth on the polygalacturonie acid test substrate 


BRINED CHERRIES 125 


Phaff and Demain (20) have demonstrated the pro- 
duction of a single polygalacturonase by the yeast 
Saccharomyces fragilis which caused rapid hydrolysis 
of the pectins tested. 

Excessive polygalacturonase activity was not found 
in firm fresh green or ripe cherries, or in cherries in- 
fected with cherry powdery mildew or brown rot. It 
is unlikely, therefore, that any appreciable polygalac- 
turonase is formed during the maturation of cherries, 
or when cherries are attacked by either of these two 
infestations, 

The inhibition of the polygalacturonase of Pectinol 
M solutions at pH 4.0 was found to be directly pro- 
portional to the concentration of the Naeconal NR 
inhibitor used at the two enzyme concentrations 
tested. The use of this detergent as an inhibitor of 
the polygalacturonase of ‘‘cats claw’’ infected cher- 
ries was not attempted since the polygalacturonase 
activity of these samples had stopped before the effee- 
tiveness of Nacconol NR as an inhibitor had been 
determined. When this detergent was added to firm 
brined Royal Anne and Bing cherries, no difference 
could be detected between these samples and control 
samples either while the cherries were in the brine, or 
after they were processed into maraschino cherries. 
The coneentration of Naeconol NR used in these tests 
was as high as 0.547. On the basis of the inactivation 
studies, a concentration of 0.025% of the detergent 
should cause complete inhibition of the polygalae- 
turonase of ‘‘cats claw’’ infected cherries. 

Proof of the safety of Nacconol NR as an additive 
for the inhibition of the polygalacturonase in brined 
cherries should be established before its general use 
for this purpose can be recommended. Further tests 
must be conducted, also, to insure that there is no 
deleterious effect to the cherries caused by the addi- 
tion of this agent early in the brining process. 


SUMMARY AND CONCLUSIONS 


The ‘‘cats claw’’ disease of Bing and Lambert cher- 
ries was found to contain a large concentration of a 
polygalacturonase, and these cherries caused rapid 
deterioration of brined cherries when 10% by count 
of the infected cherries were brined with firm Bing 
cherries. The cherries had deteriorated noticeably 
within 10 days after brining. Since the peetie ma- 
terials are generally conceded to be responsible for 
the firm texture of brined cherries, it would appear 
that a polygalacturonase, rather than other types of 
polysaccharidases, is primarily responsible for the 
observed softening 

The type of softening observed in these cherries was 
similar to that described by McCready and MeComb 
in 1954, and to that found in commercially packed 
cherries from the 1957 season. This indicates that the 
tvpe of spoilage which resulted in the softening of 
brined cherries during 1957 was probably identical 
to that caused by ‘‘cats claw’’ contaminated cherries. 

Little further deterioration was observed in these 
brined cherry samples after the enzyme activity had 
stopped. The period of breakdown was found to 
parallel the time of polygalacturonase activity. 
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No polygalacturonase activity could be demon- 
strated in firm ripe cherries, nor in cherries infected 


with cherry powdery mildew or brown rot. None of 


these appears to be involved in the softening of cher- 
ries during the brining and storage period, 

The alkyl aryl sulfonate detergent Nacconol NR 
was found to be an effective inhibitor for the poly- 
valacturonase in Pectinol M in cherry brine at pH 2.6 
and in buffer solutions at pL 3.0, 3.6 and 4.0. Inhi- 
bition of this enzyme by Naeceonol NR at pl 4.0 was 
found to be directly proportional to the concentration 
of the detergent added for 0.1 and 0.2% Peectinol M 
solutions. This type of inhibition is typical of non- 
competitive enzyme inhibitors, 

The detergent Nacconol NR did not eause any 
deleterious effeet when added to firm brined Bing or 
Royal Anne cherries at a concentration of 0.54% two 
weeks before processing into maraschino cherries. 
The effeet caused by adding Naeconol NR to cherries 
at the time of brining was not determined and this 
should be done before it is used as a general inhibitor 
of polygalacturonase 
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Factors Affecting Decay of 
Prepackaged Spinach* 


Manuscript received July 8, 1959 


Hanvesten LEAFY VEGETABLES such 
as spinach are extremely susceptible to attack by 
bacterial soft rot organisms. After carefully investi- 
gating the spinach soft rot problem, Smith (10) re- 
ported that Erwinia caratovora (Jones) Holland is 
the principal organism involved. However, other 
species of bacteria, as well as several species of fungi 
and yeast, have also been shown to produce pec 
tinolytic enzymes capable of decomposing plant. tis- 
sue (13). 

Smith (10) obtained experimental evidence that 
infection may take place in either injured or unin- 
jured leaves, but that wounding facilitates more rapid 
decay. He further noted that high temperature and 
humidity favor the development of decay. 

Several workers (4, 5, 9, 14) have pointed out that 
prepackaged spinach is particularly subject to rapid 
decay, due to injury to leaves during the prepack- 
aging operation and bacterial inoculation of non 
infeeted leaves during the washing process. Occur- 
rence of soft rot limits the feasibility of commercial 
prepackaging, especially during the warm summer 
months, 

To overcome the harmful effeets of high tempera- 
ture, refrigeration has been widely used to reduce 
the incidence of soft rot in prepackaged spinach. In 
commercial practice, excess wash water is commonly 
removed by centrifuging the spinach prior to bagging. 
However, despite refrigeration, centrifugation, and 
careful handling, the shelf life of prepackaged spinach 
is often limited to a very few days. 

To prolong the period of salability, several workers 
have investigated the possibility of adding bacterio- 
static chemieals to the wash water. Lieberman eft al 
(8), and later Friedman (6), tried ehlorine. <Al- 
though bacterial populations were reduced, shelf life 
was not markedly increased. Adding antibioties to 
the wash water was first tried by Smith (11, 12). 
Other workers, including Brody and Francis (3) and 
Koch and Carrol (7), have tried similar experiments, 
using several antibiotics at different concentrations. 
Their results indicate that the antibiotics strepto- 
mycin, oxytetracycline, and chlortetracycline are each 
eapable of inhibiting soft rot development in pre 
packaged spinach. 

In 1958, Becker, Goodman, and Goldberg (2) re- 
ported that the antibiotics oxytetracyeline, chlor- 
tetracycline and streptomycin sulfate, used at low 
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concentrations, showed promise as supplements to 
refrigeration by improving the appearance and pro- 
longing the shelf life of prepackaged spinach. Results 
of these experiments indicated that all three anti- 
biotics reduced the amount of decay and improved 
the appearance of the product under conditions that 
resulted in rapid decay. When soft rot developed 
slowly, the antibiotics had little or no effect in in- 
hibiting decay development. By the use of serial 
dilution plate counts, it was shown that the anti- 
bioties markedly reduced the number of micro- 
organisms present. 

Although residues were detected immediately after 
treatment with oxytetracycline or chlortetraeycline, 
no antibiotic activity was detected when samples 
were cooked for 3 minutes in boiling water. With 
streptomycin, residues were detected immediately 
after treatment and still remained after cooking. 

Low concentration antibiotic dips appear to be 
effective in reducing the amount of decomposition 
only under conditions of rapid decay. Therefore it 
was felt more information is needed to ascertain when 
antibiotics might profitably be used to inhibit soft rot 
development. The present report is based on work 
to determine what factors affect the rate of decay of 
prepackaged spinach. 


MATERIALS AND METHODS 


The spinach used in the experiments was obtained in cen 
ter-iced bushel baskets through commercial wholesale channels. 
Undamaged, disease-free leaves were washed, drained, and sub 
merged for 1 min in an 18-hr nutrient dextrose broth eulture 
of FE, caratovora, diluted 1:1000 in water. They were then 
drained for 20 min in sereen-bottom trays. To approximate 
an antibiotie dip, used concurrently on other spinach in some 
of the experiments, the spinach was submerged in water for 
1 min. Exeess liquid was removed by the spin dry ecyele of a 
standard automatie clothes washer. Samples weighing 110 g 
each were packed in perforated polyethylene bags and stored 
at 7.2° C (46° F 

Samples were taken at regular intervals to determine the 
amount of deeay present. Each leaf was visually inspected 
and placed in one of 4 decay classes, based on the amount of 
decay. The approximate percentage of decay that each class 
represents is: very slight (2% or less ; slight (15% or less) ; 
medium (50% or less); heavy (more than 50%). For deter- 
mining the extent of decay, the classes were assigned the fac 
tors 1, 2, 3, and 4, respectively. After the samples from each 
treatment had been sorted according to this classification, the 
leaves in each class were weighed, and the weight was multi 
plied by the assigned factor. The adjusted figures for the 4 
classes were then totaled. The resulting sum was divided by 
the total amount (in grams) of spinach in the treatment. This 
provided an arbitrary decay rating for each treatment. 

In 16 of the 24 experiments, serial dilution plate counts 
were made at regular intervals to determine the mierobial 
population. Samples of 100 g each were macerated for 2 min 
in 200 ml of sterile distilled water in a Waring blender. A 
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1Oml aliquot of the resulting slurry was then serially diluted 
ind plated, following accepted milk-testing procedures (7). 10 4 Bacteria 
Nutrient dextrose agar was employed to ascertain the number 
of baeteria present; Littman media containing 50 mme/ml of 10” | n 
oxytetraeyeline was used to differentiate yeast and fungi. a 
The procedure deseribed above was modified in experiments 


, and 24 to inelude two additional treatments. Besides 


dipping spinach in a suspension of &. caratovora diluted 
1: 1000 in water, spinach was also submerged in a 1: 100 dilu 
tion of the imoeulun The third treatment was obtained by 
Doys After 
simply sorting, washing, centrifuging and bagging untreated 


spinach leaves. Samples were periodically removed from cold 


Population of Microorganisms 


storage and examined to establish deeny ratings for each 
trentment. Plate eounts were also made 

When it was noted that the total microbial populations were 
not necessarily proportional to the rate of deeay, an effort 


123,435 6 7897 12 1314 15 16 17 18:19 
was made to determine the pereentage of soft rot) organisms Number of Experiment | 
present Since caratovora and other deeay-produeing or .| 


£ 
2 > lols =| 
gunisms decompose potato as well as spinach, it was decided 2 4 2 
to use potato slices as a selective test. Surface sterilized Irish 


Figure 2. Microbial population in 100-g eotatie of artificially 


vwotntoes were aseptieatly sliced and plaecec vtri dishes o 
petri din inoculated spinach 1, 4, 8 and 12 days after treatment. 


moist, sterile filter paper. A single bacterial colony was then 
picked from or beneath the surface of the nutrient dextrose 
gar with « eulture needle and stabbed into the center of a - , 
“= terial populations in experiments 14 through 24, sampled at 1 


und 4 days after treatment. With the yeast and fungi, a 
relationship between number of organisms and rate of deeay 


potato slice. Thirty to 50 individual colonies were seleeted at 
random after each plating for each of the three treatments in 
experiments 22, 25, and 24. The same proceedure was followed 
: aan ; does not appear to be clear cut or constant. 
in the eases of veast and fungi, The petri dishes were examined : z puis : 
When samples of artificially inoeulated (1: 100) and un 

it 24 and 48 hours to aseertain which colonies incited deeay. . 
Work wus enarried on to determine the per cent moisture 


content of fresh, untreated spinach. Samples were dried to 


inoculated prepackaged spinach were examined at various 
intervals, decay ratings revealed that the spinach dipped in 


tant ht at 65°C the Saecterial suspension decayed more rapidly than did the 
nitrogen, pho uninoculated spinach. Figure 3 illustrates the results obtained 
Wwe ‘ see on iis © ree s 
in experiments 22, 23 and 24. 
phorus, potassium, caleium and magnesium fresh spinach, 


The pereentage of each element was obtained by speetrographie 
analysis of air-dried samples 
Expt 22 


- Uninoculated 


RESULTS _ Artificially inoculated (1:100 Dilution) Expt 22 


The number of days neeessary for artificially inoculated Experiment 22 - September 
(dilution 1: 1000) prepackaged spinach to reach deeay ratings 
of 100, 150 and 200 are pre sented in Figure 1. These data on 
the rate of soft rot development reveal that samples deeayed 
more rapidly during the summer months than during the rest 
of the vear, 
The population of microorganisms in 1L00-g samples of spin 
ach was taken 1, 4, 8 and 12 days after treatment (Figure 2). apt 24) 
In every experiment the results show that the number of yeast 
and fungi combined is relatively low in comparison te number a oe Expt 23 
of bacteria, There is some evidence of a direct relationship 


23 


hetween number of bacteria and rate of deeay, Figure 1, or 
an inverse relationship between population and number of days 
necessary to deeay rating of 100, 150, and 200.) This 1) 12 13 4 15 
relationship is probably most evident in the ease of the bae Days After Treatment 
Figure 3, Comparison of average rate of decay of artificially 
inoculated (1: 100) and untreated prepackaged spinach. 


ory to Regch Decay Rating of 200 
Necessary to Reach Decay Rating of 150 
ys Necessary to Reach Decay Rating of 100 | The populations of yeast and fungi obtained from 100-g 
sumples of uninoculated spinach and the number of bacteria 
obtained from artificially inoculated (1:100) and uninoeulated 
spinach are shown in Figure 4. In each experiment, the bae 
terial population inereased steadily until the termination of 
the experiment, while the number of veast and fungi remained 
relatively eonstant. 
Table 1 gives the percentages of microorganisms capable of 
inciting deeay of potato tuber slices. Although the percentage 


of decay organisms seems to vary from one sampling to the 


13 14-15 16 17,1819 3 next, the curves obtained by plotting the ealeulated actual 


Number / Experiment 1 | number of such organisms (Figure 5) closely resemble those of 
= the total microbial population (Figure 4). 
2 ; 2 4 Table 2 contains data on the amounts of nitrogen, phos 
Figure 1. Comparison of the number of days necessary for phorus, potassium, calcium, and magnesium in air-dried sam 
artificially inoculated (18 hr broth culture diluted 1: 1000 in ples. There apparently was little difference in the amount of 
water) prepackaged spinach tc reach decay ratings of 100, 150, moisture from one lot of spinach to the next, but the eontent 
and 200 when stored at 45° F. of the 5 elements varied considerably. 
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How Durkee’s Continuing Research Kept Coatings from Turning Gray 


THE PROBLEM: find a better hard butter. Durkee’s 
Technical Research Staff set out to find one. They 
wanted a hard butter that would produce confec- 
tioners’ coatings with better performance char- 
acteristics than existing coatings. Specifically, they 
wanted high gloss retention, greater stability and re- 
sistance to bloom under all temperature conditions. 


THE SOLUTION: niethodical. Durkee research went 
to work. Coating after coating was tested in the 
laboratories ... placed in cycling cabinets which 
duplicated shelf temperature changes... checked 
by taste panels... subjected to exact conditions 
encountered in the plant. Durkee even built a pilot 


DURKEE tTecunicat service 


Department FT «+ 


Jamaica, N.Y. Louisville, Ky. 


900 Union Commerce Building «+ 
Berkeley, Calif. « 


plant with miniature equipment to simulate actual 
plant conditions. As a result, a hard butter for 
making coatings that met every industry require- 
ment was developed. Durkee named it Paramount; 
confectioners call it “wonderful”. 


THE SIGNIFICANCE: clear. Durkee has been 
researching fats and oils for 40 years—and is still 
hard at it. The development of Paramount is typical 
of purposeful research continually in progress in 
Durkee’s Technical Service Laboratories. Here is 
where we may be able to help you most whenever 
your product or process warrants further attention. 
We'd be glad to help. Just ‘phone us or write. 


14, Ohio 
Chicago, Ill. 


| 
és ‘ : 
: 
4 
44, 
i 


FACTORS AFFECTING 


ys After T 

Figure 4. Microbial population contained in 100-g samples of 

artificially inoculated (1: 100) and uninoculated prepackaged 
spinach. 


atment 


DISCUSSION 


During this study, it was noted that prepackaged 
the 
was 


spinach decayed most rapidly during 


(Figure 1 
the same and stored at 


handled 
Kk) in all experi 


Since the spinach 
ia 


ments, the results suggest either that the population 


months 


of soft rot organisms greatest during the sum 


mer, or that the spinach was predisposed to decay by 


Was 


warm temperature, rapid growing conditions, or some 
other factor. 


TABLE 1 


Per cent of total bacteria demonstrated to produce soft rot 
of potato tuber slices 


Per cent of total found to induce decay 


Experiment 


number Fungi and 


Artificiall yeasts 
inoculated 


When the data in Figure 1 are compared with the 


wpulation of microorganisms, Figure 2, 
po] 


some evi 
dence of a direct relationship between the number of 
bacteria and rate of decay can be seen. 

that artificially 


rapidly 


it was also observed inoculated 


spinach decayed more than uninoculated 


If the data (Figure 3) are compared to 
| 
evident 


(Figure 3). 
the microbial population (Figure 4), it is 
that rate of decay is proportional to number of bac- 
teria, However, in the case of yeast and fungi, such 
a relationship is not evident. 


DECAY 


OF 


PREPACKAGED SPINACH 


TABLE 2 


Relative amounts of nitrogen, phosphorus, potassium, calcium and 
magnesium in air-dried samples of spinach, and the average 
per cent of moisture in fresh spinach 

Per 


cent of dry matter! 


Per cent 
mots 
ture- 


Experi 
ment Magne 


sium 


Potas 


Calcium | 


sium 


2.04 


0.67 

O98 

0.71 
air-dried 


trographic analysis of 


tant weight at 65° ¢ 


Figure 5. Number of soft rot 
artificially inoculated (1: 100) 


spinach. 


organisms in 100-g samples of 
and uninoculated prepackaged 


Since a great number of the microorganisms ob- 
tained from spinach undoubtedly do not incite decay, 
to the 


on the total microbial population. To determine what 


there is some question as value of data based 
percentage of the total number of microorganisms was 
capable of causing decay, potato tuber slices were 
used as a selective test. 
that 
compose potato tissue could cause decay of spinach, 


It is probably safe to assume 


most of the organisms which were able to de- 
pectinolytic enzymes being involved in both cases. 
When the ot 
dueing organisms (Figure 5) and the total microbial 
Figure 4 plotted 


marked similarity is between 


calculated number these deeay-pro- 
graphically, a 
the two of 


population are 


seen sets 
figures. 

The data which have been presented thus indicate 
that total bacterial population and the population of 
actual soft rot bacteria are directly proportional to 
rate of decay. However, this does not appear to be 
the complete explanation. 
were 10 times more soft rot bacteria in the artificially 
the yet 
there was little difference in rate of decay between 
the 2 treatments. On the other hand, in experiment 
22, the soft rot bacterial varied little 
between treatments, whereas there was marked differ- 


In experiment 23, there 


inoculated spinach than in uninoculated ; 


population 


ence in rate of decay. This suggests that other factors 
besides the actual number of decay-producing bae- 
teria influence soft rot development. 
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1 
J ated 
Artificially inoculated (1:10 } Bacteria Expt 22 
Yeasts + Fung 2 
Expt 23 
3 Expr 24 
Expt 23 
2 
£ > oo 13.02 6.03 O.R6 7.46 0.72 | 
23 12.78 1.338 0.54 9.24 
Expt 23 24 12.58 14 6.92 
xpt 2 
‘Information obtained by spc 
Expt 22 sample 
Leaves and petioles dried to cons ' 
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J ted \ P | 
acteria 
4 4 ea Fung 
‘4 g 9 9 4 1 Expt 22 
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4 Expt 23 
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11 27.3 59.8 5.4 
15 15.8 25.8 14.6 
25.0 22.6 43.9 
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Although yeast and fungi must play some role in 
controlling rate of decay, results of the present study 
show no clear relationship between mumber or- 
vanisins and deeay development. It may be signifi- 
cant that the veast and fungi were few in’ number 
compared to the number of bacteria, and their effect 
on rate of decay might have been masked. is pos- 
sible that under conditions of low bacterial popula 
tions, their effect would be more pronounced, 

As Table 2 shows, the content of the 5 elements 
determined this study varied considerably. The 
nitrogen content is particularly interesting, that 
itis a common observation among commercial pro- 
ducers that spinach grown on land high ino nitrogen 
decomposes readily. [na experiments 22, 23, and 24, 
there is a relationship between rate of deeay and 
amount of nitrogen. Although these figures are too 
few to constitute proof, they suggest that the nitrogen 
content of spinach tissue does have an effect on soft 
rot development 


SUMMARY AND CONCLUSIONS 


Previous work showed that, under conditions of 
rapid deeay, 25 meg/ml solutions of oxytetracyeline, 
chlortetracyeline and streptomycin sulfate retarded 
the development of soft rot and reduced the popula- 
tion of bacteria in prepackaged spinach. Data from 
the present study indicate that spinach grown during 
the hot summer months is more susceptible to deeay 
than that grown at other times of the vear. 

Experimental evidence has shown that total bae- 
terial population and the population of actual soft 
rot bacteria are directly proportional te rate of decay. 
There is no such relationship in the case of veast and 
fungi. Thus, rate of decay appears to depend on the 
bacterial population of the spinach. Llowever, other 
factors, such as the nitrogen content of the leaves, 
may also play a part in determining the decay rate, 
either by affecting the microorganisms or by pre- 
disposing the spinach to attack. 

Evidence obtained from this study suggests that 
antibiotics used at low concentrations have practical 
applications in the preservation of leafy vegetables 
such as spinach. Et is felt that these chemicals would 
be particularly effective reducing the number of 
bacteria during warm weather, when soft) de- 


velopment is most rapid. 


To date, the Federal Drug Administration has not 
approved the use of antibiotics in the preservation of 
harvested vegetables. However, since spinach is 
usually eaten after it is cooked, heat labile antibiotics 
such as oxytetracycline and chlortetracyeline may in 
the future find a place in the preservation of har- 
vested leafy vegetables. 
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Food Package’ 


Manuscript received September 25, 1959 


Masy TYPES of military field ra- 
tions contain spreads such as jam, jelly and peanut 
butter. 
package containing about two ounces of such a spread. 


Individual rations require a light weight 


Standard commercial packages are usually cans or 
glass jars which contain quantities sufficient for sey- 
eral meals. The smallest sanitary can commercially 
available in Canada holds four ounces of jam and the 
only individual portion package—the small, formed 
plastic cup used by restaurants and airlines—is too 
fragile for military use. 

To satisfy the need for a suitable package—one that 
is light in weight, will protect the food satisfactorily 
for two years at 70° F, will withstand a moderate 
degree of rough usage, is capable of being reclosed, 
and will not present a serious damage hazard to other 
packages with which it might be assembled—the use 
of collapsible polyethylene tubes was considered. 

The tubes proved to have considerable strength. A 
filled and properly sealed tube laid on its side would 
support one hundred and fifty pounds weight without 
rupturing; therefore the tubes were not regarded as 
being a serious breakage risk in field rations. 

A series of storage experiments were conducted 
in the cold (O° F), at a normal room temperature 
(70°F) and at an elevated temperature (100° F 
The results of these experiments are described below. 


EXPERIMENTAL 
Materials 


Polyethylene tubes. The tubes used were of nominal 2- and 
2.4-fluid oz capacity, fabrieated from low density polyethylene 
The walls were extruded tubing with a thickness of 0.010 
0.012 in and an outside diameter of approximately 14, in. 
The shoulder and nozzle were moulded onto the extruded wall, 
the shoulder thickness being approximately “gq in. The wall 
length was 4% in for 2-0z tubes and 5'%& in for 2.4-0z tubes. 
The latter were coated internally with a polyvinylidene chloride 
type resin, This coating, estimated at 0.0003 in in thickness, 
stopped approximately 4 in from the open end of the tube to 
avoid fouling of the heat-seal closure aren. The tube nozzles 
had an inside diameter of “4, in and were fitted with moulded 
serew caps. The tubes weighed approximately 0.2 0z each, 
including eap. 

Foods. Five foods were used: pure grape jelly, pure raspberry 
jam, white No, 1 pasteurized honey, homogenized peanut but 
ter, and creamery butter. 


Procedure 


Phase I. Sixty unlined 2-0z tubes were filled with each of the 
following foods: grape jelly, raspberry jam, honey (each in 


the amount of 2.6 0z per tube), and peanut butter (2.3 02 per 
tube). The tubes were sealed, weighed accurately, and placed 


‘Issued as Defence Research Medieal Laboratories Report 
No. 174-7, PCC Project No. D50-67-20-03, 


The Collapsible Polyethylene Tube as a 
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Defence Research Medical Laborator- 
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in storage under four conditions, viz., 0° F, 70° F, 100° FP, and 


a temperature cycle which alternated monthly between 0° F 
and 70° F, All tubes were weighed periodically; sample tubes 
were withdrawn at regular intervals for 1 year from those 
stored at 100° F, for 
and for 18 months from those undergoing eycling. The tubes 


” years from those stored at 0° and 70° F, 


were examined visually and the foods assessed for colour, 
flavour and texture using the samples of food kept at 0° F as 
controls, Peroxide value analyses were performed on peu 
nut butter to detect oxidative changes. 

Phase II. It was considered desirable to obtain direct com 
parisons among the foods stored in tubes and stored in standard 
types of packaging. Forty unlined 2-02 tubes and forty lined 
2.4-0z tubes were filled with each of the following foods: grape 
jelly, raspberry jam, and honey (each in the amount of 2.6 oz 
in unlined tubes, 3.0 oz in lined tubes The tubes were sealed, 
weighed accurately, and placed in storage at 100° F, Forty 
4-04 brown glass bottles with lined serew caps, and forty 
211 x 105 internally-enamelled tinplate cans were also filled 
with each food and stored at 100° PF. All tubes were weighed 
monthly. Sample tubes, bottles and eanus were removed monthly 
during the 6 months of the test, the tubes were examined and 
the colour, flavour and texture of the foods compared. Quanti 
ties of the foods in their original containers were held at 35° F 
and used as controls 

Phase III. During Phase J, the peanut oil was found to 
penetrate the unlined tubes in a few months. To compare the 
resistance of the 2 types of tubes to permeation by oils, 3 un 
lined 2-0z tubes and 6 lined 2.4-0z tubes were filled with each 
of the following foods: peanut butter and creamery butter. 
The tubes were sealed and placed in storage at 100° F, Sam 
ples were removed monthly during the 6 months of the test for 
evaluation of food and package 

Because of the relatively small number of tubes used for 
each food in these experiments, machine filling was not prac 
tieal and all tubes were filled by hand. The honey and butter 
were liquefied for filling; the jam, jelly and peanut butter were 
dispensed through an icing tube normally used for cake 
decoration, 

Tubes in Phase I were sealed in a portable, hand-operated 
machine: those in Phase I] were sealed in a production machine 
operating at factory speed; those in Phase IIT were sealed in 
“a jaw-type heat-sealer using a sheet of polyester film to pre 
vent sticking of the polvethyl ne to the heated jaws. All tubes, 
bottles and eans of food were stored without being heat 
processed, 

The constant temperature storage rooms were controlled for 
temperature only Forced air circulation permittted control to 


within +3° I 


RESULTS AND DISCUSSION 


Physical changes. The tubes of jam, jelly and honey 
lost weight as shown in Figures 1 to 3; unlined tubes 
of peanut butter gained weight as shown in Figure 4. 

Since in the storage areas only temperature was 
controlled, relative humidity varied seasonally—30 to 
60% relative humidity in summer, 15 to 60% r in 
spring and fall, and 5 to 40% r in winter at a room 
temperature of 70° F. These seasonal changes are 
shown most clearly by the 70° F curve of Figure 1; 
the flat portions represent low rates of weight loss 
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Figure 1. Changes in weight of tubes containing grape jelly. 
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STORAGE PERIOD (MONTHS) 
Figure 2, Changes in weight of tubes containing honey. 
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STORAGE PERIOD (MONTHS) 


Figure 3. Changes in weight of tubes containing raspberry jam. 
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Figure 4. Changes in weight of tubes containing peanut butter. 


during the spring and summer months when indoor 
relative humidity was highest. 

At 100° F, weight losses from unlined tubes were 
approximately 7 times as great as at 70° F for the 
same storage period, and there was very good agree- 
ment between the results of Phase I and Phase 11. 
Lined tubes were slightly more effective than unlined 
tubes in controlling weight loss. 

There were no apparent physical changes in the 
tubes themselves at any of the 4 storage temperatures, 
and there was no evidence that the tubes had leaked. 
It was suspected that weight losses were due to the 
permeation of moisture through the polyethylene, 
particularly sinee seasonal changes in ambient rela 
tive humidity had a considerable effect on weight 
losses at 70° F. Results of an empirical test with 
similar tubes filled with water supported this view. 

Unlined tubes of peanut butter in Phase I showed 
increasing gains in weight. Tube surfaces became oily 
within 3 months at 100° F and within 6 months at 
70° F. The peanut butter developed a rancid flavour 
and showed a substantial increase in peroxide value 
with time (see Table 1). Since polyethylene is perme 
able to oxygen (1) it is concluded that the weight gains 
were the result of oxygen transfer from the atmos- 
phere to the product. Tubes of peanut butter were 
disearded after 10 months’ storage because of exces- 
sive oiliness of the tube surfaces. In Phase 1/1, un- 
lined tubes containing peanut butter and creamery 
butter stored at 100° F developed surface oiliness 
within 2 months, supporting earlier observations. In 
contrast, lined tubes did not develop surface oiliness 
even after 6 months under the same storage condition. 
There was a tendeney for the lining to loosen around 
the neck of the tube but adhesion to the tube walls 
remained satisfactory. 

Food flavour and appearance. Jam and jelly stored 
at 70° F for one year in unlined tubes developed a 
brown colour and a slightly caramel flavour which 
continued to increase until the products were of only 
borderline acceptability when sampled after 2 years. 
Iloney was light amber after 1 year and amber after 
2 vears at 70° F, but the flavour and aroma were still 
good, About one-third of the honey in each tube had 
crystallized. When peanut butter was removed from 
the storage programme at 10 months, a slightly rancid 
flavour and slight darkening of the colour had 
developed. 

As would be expected, all foods stored at 0° F re- 
tained their normal colours and flavours throughout 
2 years. Honey showed a tendency to develop a coarse 
crystalline texture; the textures of the other foods 
were unchanged. 

Jam, jelly and honey stored under eyclie conditions 
deteriorated more slowly than those kept continuousls 
at 70°F; their flavour and appearance after 18 
months of eyclie storage were comparable to those 
after a year at 70° F. There was no difference in 
either the colour or the flavour of peanut butter sam 
ples stored for 10 months at 70° F and under eyelic 
conditions. 
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VANILLA 
FLAVOR 


ALSO ASK ABOUT THE " 
ORIGINAL VANILLA 
CREATED FOR: 


Cake Mixes * Prepared Icings * Puddings * Cookie Mixes 


Beverage Powders * Desert Powders * Coatings * Toppings 
Candies * Syrups * Cremes 


SPECIAL PRODUCTS DIVISION 


ANILLA LABORATORIES, Inc. 


ROCHESTER, N.Y. 


For Bakers and _ | 
Cookie Makers. 
| “HOt SE OF 
| 
152A 


that are clear, 


sparkling and 
tender—with 
fast, clean 


mold release 


YOURS WITH KELCO- GEL 


Made in three minutes and gelling in a half-hour or less, salad and dessert gels made with 


Kelco-Gel HV have superb body, excellent texture, and will not melt at room temperatures. 


KELCO-GEL 
KELCO-GEL LY 


products of 


KELCO COMPANY 


120 Broadway, New York 5, N. Y. 


20 N. Wacker Drive, Chicago 6, Illinois Dietetic Puddings made with | Taste Tempting Jellies are made with 

Si St., Los Angeles 14, if. | Kelco-Gel LV have smooth Kelco-Gel HV which imparts a softer 
texture and firm body for body for better spreading, reduces synere- 
Cable Address: Kelcoalgin—New York | added taste and eye appeal. (_ sis in storage and in use. 
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COLLAPSIBLE TUBE AS FOOD PACKAGE 


Storage for 6 months at 100° F is regarded as a 
severe test for foods and is employed when a general 
appraisal of storage characteristics must be obtained 
in a short time or when storage life in a tropical en- 
vironment must be predicted. After 6 months at 
100° F, the jam and jelly in unlined tubes were brown 
in colour, had developed a caramel flavour and were 
judged to have only borderline acceptability. The 
honey had partially erystallized and had developed 
a light brown colour and a caramel flavour; it was no 
longer of good quality but it was not unpalatable as 
a spread. The peanut butter had become darker in 
colour, the flavour moderately rancid and the oil had 
separated from the solids; the peroxide value analysts 
of Table 1 indicate the extent to which oxidative ran- 
cidity had progressed. 

It was apparent that the unlined tubes were not 


TABLE 1 


Peroxide value analyses for peanut butter 


Storage Length of 
temperature storage, 
O° F menths 


Peroxide 
value! 


100 


! Rancidity was detectable organoleptically 


TABLE 2 


Comparative assessment of raspberry jam in various packages 


Duration of storage at 100° F 
Package 


2 months 4 months 5 months 


} months 


Red- brown Brown Decidedly 


brown 


Glass Slight 
bottles browning colour ; iittle 
and compared to raspberry 
the control ; flavour; 
fresh rasp distinctly 
berry flavour | caramel. 


colour ; 
colour; sweet, 
distinctly 

| caramel, no 
raspberry 
flavour 


sweet, 
distinetly 
caramel ; 


metal 
cans 
raspberry 
lost; car flavour not 
amelization 
detected 


recognized 


Appearance Brown Colour simi 
and flavour colour Ww ith 
similar slight red 

to jam in ness; flavour 
bottles similar to 
and cans jam in bot 


tles and cans 


Colour and 
flavour gen lar to jam in 
bottles and 

sweet, 


Lined 

tubes 

erally similar 

to jam in cans 
bottles and 

| cans; slight 
off-flavour 
in jam at the 
top of the 
tubes 


caramel 
flavour with 
a slight 
astringent 


off -flavour. 


Colour simi 
lar to that 
in other 
packages; 
decided cara 
mel flavour 
with a “‘bit- 


Colour simi 
lar to jam 
in cans and 
bottles ; 
quite defi 
nite caramel 
flavour 


Colour 
slightly 

more brown 
than in other 
packages; 
sweet cara 
mel flavour 
with a “burnt| ter, burnt 
parafiin” off paraffin” off 
flavour flavour. 
throughout 


Brown 
colour; cara 
mel flavour; 
distinct 
“burnt par 
affin’’ off 
flavour in 
jam at top 
of tubes but 
barely no 
ticed in well 
mixed sample 
of entire 
contents 


Unlined 
tubes 


suitable for packaging peanut butter though they 


were quite satisfactory for honey and held promise of 


being suitable for jam and _ jelly. Deteriorative 
changes occurred and were generally comparable at 
6 months at 100° F and 2 years at 70° F. 

Deterioration of the type observed—browning and 
caramelization—is known to occur spontaneously in 
fruit products (3), so that comparisons with other 
viz., bottles and metal were 


undertaken. Food quality was compared monthly for 


packages, olass cans, 
results are summarized in Tables 2 to 4. 
None of the foods showed significant deterioration in 
comparison with the controls (held at 35° F) at the 
one month examination. Assessments were not made 
at 6 months because the foods in all packages had 


4 packages ; 


deteriorated to such an extent that comparisons were 
of little value. 


TABLE 3 
Comparative assessment of grape jelly in various packages 


Duration of storage at 100° F 


Package 


Glass 
bottles 
ind 
metal 


ans 


Lined 
tubes 


Unlined 
tubes 


2 months 


Dull red 
very slight 
carameli 
zation 


observed 


Red-brown; 
very slight 
carameli 
zation 
observed 


Slightly more 
brown than 
jelly in lined 
tubes; slight 
off-flavour 


observed 


} months 


Dull red 
faint grape 
flavou 
mainly swee 


and caramel 


Colour and 
flavour simi 
lar to jelly 
in bottles 


nd cans 


Dull red 
brown; cara 
mel! flavour 
distinet 
yurnt 
arafin off 
flavor in jam 
it top of tube 
but barely 
noticed in 
vell-mixed 
Ample of 
tre 


ontents 


TABLE 4 


4 months 


faint 
grape flavour, 


Brown 


pronounced 
carameliza 


tion 


Slightly 
lighter brown 
than jelly in 
bottles and 
ins; sweet, 
aramel 
flavour 


Colour simi 
lar to jelly in 
lined tubes; 
burnt paraf 
fin” off flavour 
in addition 

to caramel 


zation 


5 months 


Brown; 
sweet, cara 
me! flavour. 


Slightly 
lighter brown 
colour than, 
but flavour 
similar to 
jelly in bot 
Ules and cans 


Colour simi 
lur to jelly 

in lined 
tubes; “burnt 
parafiin”’ off 
flavour in 
addition to 
carameliza 
lion 


Comparative assessment of honey in various packages 


Package 


Glass 
bottles 
and 
metal 


Lined 
tubes 


Unlined 


tubes 


2 month 


Slightly 
amber 
flavour simi 
lar to the 


control 


Slightly 
amber; some 
erystalliza 
tion; flavour 
similar to the 


control 


Similar in 
flavour and 
appearance 
to honey in 
lined tubes 


Duration of 


months 


Light amber 


lavour simi 


lar to the 


control 


Slightly 


deeper-amber 


than honey 


in bottles or 


cans; flavour 
imilar to the 


control 


Similar in 

flavour and 
appearance 
to honey in 
lined tubes 


storage at 100° F 


4 months 


Amber; 
flavour re 
sembled a 
stronger 


imber honey 


Slightly 
deeper amber 
than, but 
flavour simi 
ir to honey 
in bottles or 


cans; cloudy 


Slightly 
deeper amber 
colour than, 
but flavour 
similar to 
honey in 
lined tubes 


cloudy 


5 months 


Amber ; 
flavour had 
become still 
stronger, 


Deep amber ; 
cloudy due 
to crystalliza 
tion; sharp 
caramel 
flavour pre 
dominated. 


Similar in 

flavour and 
appearance 
to honey in 
lined tubes 


| 
1 4 
0°-70° cycle 6 62 
10 59 
3 5 
70 6 56 
10 58 
4 3 6 
6 135 
| 
| 
- 
| 
| 
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— 
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Jam and jelly in the unlined tubes developed an off- 
flavour in 3 months; such flavours were not observed 
in Phase J which suggests the possibility of difference 
in fabrication between the 2 sample lots of tubes. In 
lined tubes, off-flavours were observed only in’ the 
raspberry jam, and not to a serious degree until 5 
months. There was little difference among the glass 
bottles, metal cans or lined tubes of either jam, jelly 
or honey during the first 3 months of storage; there- 
after, foods in the bottles and cans were. slightly 
superior, 

The peanut butter and creamery butter stored at 
in’ lined) tubes maintained satisfactory 
flavour for 3 months but by the end of 6 months both 


foods were rancid 
SUMMARY 


Raspberry jam, grape jelly, honey, peanut butter 
and creamery butter were used in a series of storage 
studies to evaluate lined (1.e., coated with polyvinyli- 
dene chloride resin) and unlined collapsible poly- 
ethylene tubes as food containers. 

Lined tubes were found to be more suitable than 
unlined tubes because of a lesser tendency to produce 
off-flavours and because of their impermeability to 


oils. This impermeability indicated their potential 
suitability as packages for oily foods such as butter 
and peanut butter, but the oxygen transmission char- 
acteristics of the tubes should be investigated more 
fully. 

During comparative tests at 100° F the storage life 
of jam, jelly and honey in lined tubes was generally 
comparable to that in bottles or cans for periods up to 
three months; thereafter, the quality of foods in bot 
tles and cans was slightly superior. 
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Doneness of Frozen, Defrosted Turkey Halves 


Roasted to Several End Point Temperatures ** 


Manuscript received May 21, 1959 


Orxe OF THE MAJOR PROBLEMS 
countered in roasting turkey has been lack of a satis- 


factory guide for determining the end point of 


roasting. Workers have depended on such indications 
of doneness as the feel of the flesh when touched with 
the fingers, tenderness of the meat when speared with 
a fork, or ease of manipulating a joint (1). Birds also 
have been cooked for a specific number of minutes per 
pound, to certain end point temperatures, or by a 
combination of time and internal temperature (2, 


‘ 


4). 

Before a reliable and uniform research method to 
roast turkey ean be formulated, various procedures 
for determining end points need further examination. 
The purpose of this study was to investigate certain 
end point temperatures in both breast and thigh to 
determine whieh would produce most consistently an 
optimumly done bird. 


EXPERIMENTAL 


The first year this study was conducted the turkey halves 
were rousted to internal temperatures of 85° and 90° C in the 
breast (pectoralis major) and thigh muscles. End point tem 
peratures of 85° and 90° C in the breast and 90° and 95° C in 
the thigh were used the second year. 

Each year, 20 frozen Broad Breasted Bronze turkey hens 
of similar age and history were purchased as a lot from a 
processing plant and held in frozen storage at 0° F. Frozen 
turkeys were halved lengthwise and wrapped in aluminum 
foil (0.0015 gauge). Weights of the halves ranged between 7 
and 8 Ib the first year and 54% and 6% Ib the seeond year. 

Birds were cooked aceording to a split-plot design the first 
year and a randomized complete block design the second; in 
each case, a block consisted of 4 halves from 2 turkeys. Thigh 
temperatures were used as the end points of cooking in the 2 
halves of one bird, and breast temperatures in the 2 halves of 
an second bird the first year; whereas, the second year end point 
temmperatures of 85° and 90°C in the breast and 90° and 
95° C in the thigh were assigned at random to the 4 halves of 
each group of 2 turkeys. 

Thermometers were inserted midway between the medial 
and lateral side at the middle of the pectoralis major and thigh 
museles. Thermometers in the pectoralis major were at a 90 


angle and those in the thigh at a 50° angle. Thermometer bulbs 


‘The data are from theses by Katherine Cooley and Martine 
C. Ferguson in partial fulfillment of the requirements for the 
degrees of Master of Science. 

"Contribution No, 212, Department of Home Economics, 
Kansas Agricultural Experiment Station, Kansas. 

* Presented at the Nineteenth Annual Meeting of the Insti 
tute of Food Technologists, Philadelphia, Pennsylvania, May 
19, 1959. 


'Present address: Department of Foods and Nutrition, Uni 
versity of Nebraska, Lincoln. 
* Present address: Texarkana, Texas. 
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were midway between the dorsal and ventral sides of the 


muscles. 

Turkey halves were defrosted at room temperature for 18 to 
21 hr prior to being roasted at 163° C (325° F). Internal tem 
peratures of the pectoralis major and the thigh muscles were 
recorded every 20 min after reading thermometers through an 
oven door window. Volatile, dripping and total cooking losses 
were determined, 

An experienced panel judged the second year turkeys for 
degree of doneness before carving and soon after the birds 
were removed from t 


© oven, Doneness scores for second year 
turkeys were based on a 7-point seale with the optimum repre 
sented by the mid-point, 4. The top of the seale, 7, deseribed 
the sample as very overdone; the bottom of the seale, 1, rated 
the sample as very underdone. A 5-point seale with a mid-point 
of 3 was used the first year. 

The birds .were cooled approximately 2 hours, and the 
gluteus primus and semitendinosus museles of the thigh and 
the pectoralis major muscle were removed for organoleptic 
tests. Judges received samples from the same position of the 
museles at each judging period, The uice that exuded from 
the birds during carving was collected und poured into coded 
bottles for seoring. In the first year, one palatability com- 
mittee scored both light and dark meat; the second year, one 
committee seored the light meat and another, the dark meat. 
Both groups seored the juice for degree of doneness, and used 
a range of 7 points to score flavor, tenderness, and juiciness. 


Seven represented the highest quality; one the lowest. 

Shear values for a one-inch core from the anterior end of 
the cooked pectoralis ma joi were determined on a Warner 
Bratzler Shearing apparatus. Press fluid yields for a 25-g 
ground sample of the pectoralis major muscle were determined 
with a Carver Laboratory Press 

The pectoralis major musek auterior end) was used for 
nitrogen (Kjeldahl-Gunning-Arnold), fat (modified Babcock), 
moisture and ash determinations. Water soluble protein nitro- 
gen was extracted with 0.06 M phosphate at pH 5.0 and heat- 


cougulable protein nitrogen removed after the sample was 


heated in a boiling water bath for 5 min, 


RESULTS AND DISCUSSION 


Roasting turkey to a satisfactory degree of done- 
ness in all parts of the bird is difficult. The numerous 
muscles of the bird differ widely in size and shape and 
also in respect to the amount and distribution of fat, 
connective tissue, and myoglob NH. kor example, if the 
thigh is roasted to optimum doneness the breast may 
be less tender and underdone; whereas, if the breast 
is cooked satisfactorily, the thigh meat may be dry 
and stringy. 

In this discussion the terms pectoralis major and 
thigh will be used to denote the muscle in which the 
end point temperature was taken. The terms light 
and dark meat refer to the samples removed from the 
birds irrespective of the muscle in which the end 
point of roasting was determined 
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Rate of heat penetration, Initial temperatures of 
the pectoralis major and thigh muscles were recorded 
just before the birds were placed in the oven and 
every 20 min thereafter (Figure 1). Initial tempera- 
tures of the museles of the first year birds were 
slightly higher than those of the second vear turkeys. 
Internal temperatures of first vear birds of both 
muscles were similar for the first half of the roasting 
period; thereafter, the thigh temperatures were 
slightly higher than those of the peetoralis major. In 
the second year thigh temperatures were lower than 
those of the pectoralis major for the first 2 hr, but 
were higher for the remaining cooking time. When 
the birds were removed from the oven, internal tem- 
peratures of the thigh were higher than those in’ the 
pectoralis major in 65 of the 8O birds roasted. This 
agrees with Alexander, Schopmeyver and Lamb (7) 
who also reported that thigh temperatures were 
higher than those in the breast of well-done birds. 


cr) 


Figure 1, Average rate of heat penetration of roasted turkey 
halves. 


Doneness. ‘Tests for doneness included = scoring 
tasted samples of light and dark meat and the 
appearanee or color of the juice that exuded from the 
cureass as the birds were carved. In addition, the 
second vVear roasted birds were scored for doneness 
before being carved (Table 1). It was assumed that 
turkey should be cooked well-done, but not to the 
point of incurring excessive weight losses. 


Data for all factors used to evaluate doneness, 
except scores for dark meat and juice in the second 
year, indicated significant differences among the tur- 
key halves that could be attributed to the end point 
temperatures (Table 1). The first year birds cooked 
to an end point of 85° C in the thigh were the least 
done, as indicated by panel scores for light and dark 
meat and juice. Roasting turkey halves to 85° C in 
‘in the thigh gave simi- 
lar results. These birds were considered done when 
judged by tasting, but slightly underdone when 
measured by appearance of the juice. 


the pectoralis major and 90° ¢ 


First vear birds roasted to 90°C in the pectoralis 
major were more done, and were nearer the general 
concept of optimum doneness than those cooked to the 
other internal temperatures. Turkey halves cooked to 
so) © in the thigh often were underdone; therefore, 
that end point temperature was eliminated during 
the second year. 

In the second year, most of the criteria used for 
evaluating degree of doneness indicated that turkeys 
roasted to 90° C in the pectoralis major and 95° © in 
the thigh were more done than those cooked to end 
points of 85° © in the pectoralis major and 90° © in 
the thigh (Table 1). Light meat from birds cooked to 
90°C in the thigh or in the pectoralis major and to 
95°C in the thigh was scored about the same for 
doneness; meat from the birds given the two latter 
treatments was signifieantly (P<.05) more done than 
that from birds roasted to 85°C in the pectoralis 
major, When doneness was judged previous to 
carving, turkeys roasted to 85°C in the breast and 
90°C in the thigh generally were similar and less 
(lone than those roasted to 90°C in the breast and 
95° C in the thigh. 


The size and uniformity of the peetoralis major 
musele made it easier to place the thermometer in this 
muscle than in the thigh. Hence, an end point tem- 
perature of 90° C in the pectoralis major was pre- 
ferred to 95° C in the thigh. 


TABLE 1 
Average doneness scores and cooking time with analyses of variance results and least significant differences 


Significance Led? 


Factors of F values 


Doneness, Ist year® 


Light 0.2 

Dark 0.2 

Juice 0.4 
Doneness, 2nd year® 

Light 0.6 

Dark ns 

Juice ns weed 

Pricking drumstick * OR 

Pricking wing 

Feel of drumstick . 1.0 

General appearance 

Movement of joint 0.8 
Cooking time 

(min/tb) Ist year 1.5 

2nd year : 2.7 


' Least significant difference at the 5% level. 
doneness, 
*A 7-point scale with a midpoint of 4. 
*—-significant at the 5% level 
significant at the 1% level. 
significant at the 0.1% level. 


eae 


2A 5-point seale with a midpoint of 5 indicates optimum doneness; 


| 85° C | 90°C 
5° C thigh 90° Othigh pectoralis pectoralis 95° C thigh 

major major 
2.7 1.2 3.0 t.5 
2.7 3.1 
2.0 2.7 2.4 

4.5 3.9 4.5 4.8 

4.1 4.0 4.2 4.2 

3.8 3.5 3.8 3.7 

3.9 3.8 1.8 1.8 

3.9 3.9 1.6 1.5 

3.9 3.8 4.38 5.1 

4.0 3.7 5.0 1.8 

3.6 3.6 4.5 4.8 
19.0 20.4 20.7 25.0 

21.8 20.7 25.7 27.1 


smaller number than 3% represent underdoneness and larger numbers, over 
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Cooking time. Average cooking time, in min per lb, 
was greatest for the birds roasted to 95° C in the 
thigh, and just slightly less than that for birds roasted 
Birds 
in the pectoralis major and to 85 


to 90°C in the pectoralis major (Table 1). 
roasted to 8)° C 
and 90° C 
same time. The cooking time for birds roasted the 


in the thigh averaged approximately the 


first year to 90° C in the pectoralis major varied from 
20.3 to 31.3 min per Ib, whereas it ranged from 19.4 to 
30.5 for second year turkeys. 

Flavor, tenderness, and shear values. Flavor and 
tenderness were not affected by the end point tem- 
peratures to which the turkeys were roasted (Table 
2). Average flavor scores for light and dark meat for 
birds given all treatments were similar within each 
vear and between the 2 vears of the study. Average 
tenderness scores for light meat were slightly higher 
than those for dark meat in both vears. 

Shear values for pectoralis major cores from the 
second vear birds roasted to 95° C in the thigh were 
significantly (P<.05) lower than those from birds 
roasted to 90° C in the pectoralis major and 90° C in 
the thigh muscles. Correlation coefficients for shear 
values and tenderness scores for light meat (r = 
—.327, first vear and —.208 second year) were non- 
significant. 

Juiciness, press fluid yields and cooking losses. 
Juiciness scores for dark meat from the first year 
birds and those for the light meat from the second 


vear turkeys were not affected significantly by the 
Hlowever, signifi- 


end point temperature (Table 2). 
cant differences attributable to the end point tem- 


perature were found among the juiciness scores for 
the first year light and second vear dark meat samples. 
Light meat juiciness scores for first vear birds roasted 
to 85°C in the thigh were significantly (P<.05) 
higher than for those roasted to 90° C in the pectoralis 
major, Juiciness scores for dark meat from second 
year birds roasted to 90° C in the thigh were signifi- 
cantly (P<.05) higher than those for dark meat from 
birds roasted to 85° C ip 
95° C in the thigh. 

There were no significant differences among the 
press fluid yields from first year birds cooked to the 
various end points (Table 2). However, differences 
in press fluid yields attributable to the end point of 
roasting were very highly significant for the second 


the pectoralis major or 


year samples. Press fluid yields from birds roasted 
to 90° C in the thigh or 85° C in the pectoralis major 
were significantly (P<.05) higher than those from 
birds roasted to 90° C in the thigh. 

Varying end point temperature had a highly or 
very highly significant effect on total, volatile, and 
dripping losses in all cases except for the dripping 
losses for the second year birds (Table 2). Turkeys 
roasted to 90° C in the pectoralis major and 95° © in 
the thigh averaged nearly 5% greater total cooking 
losses and these were significantly (P<.05) greater 
than for those cooked to 85° C in the pectoralis major 
and 90° C 
keys cooked to the same end points were similar for 


in the thigh. Total cooking losses for tur- 


both years, but this was not true for volatile and 
dripping losses. Dripping losses were greater than 
the volatile losses for the first year birds and opposite 


results were obtained in the second year. 


TABLE 2 


Average palatability scores, shear values, press fluid yields and cooking losses with analyses of 
variance results and least significant differences 


Si¢ 
f ignificance Lsd? 
of F values 


Flavor, Ist year 
Light . 

Flavor, 2nd year 
Light. 

Tenderness, Ist year 
Light... 


Tenderness, 2nd year 


Shear value, Ist year 
Shear value, 2nd year 
Juiciness, 1st year 
Light 
Juiciness, 2nd year 


Press fluid yields, 1st year 
Press fluid yields, 2nd year 
Cooking losses, Ist year 
Dripping 
Cooking losses, 2nd year 
Volatile... 
Dripping........ 


' Least significant difference at the 5% level 
ns—nonsignificant 
*—-significant at the 5% level 
significant at the 1% level 
significant at the 0.1% level. 


85° ¢ 90° 


85° © thigh 90° C thigh pectoralis pectoralis 95° C thigh 


major major 


{ 
| 
| 
Factors 
i 
ns 5.4 5.6 5.5 5.5 J 
ns | 5.4 5.6 5.5 5.7 puis 
j 
: ns 5.5 5.4 5.5 5.5 
ns 5.3 5.2 | 5.5 5.2 
| 
ns 5.8 5.9 5.8 6.1 
ns 5.2 5.3 5.5 5.6 | 
| 
Light ns 6.1 6.3 6.4 | 6.6 
I ns 5.6 5.6 5.8 5.6 
‘ 1.8 12.3 10.6 11.7 | 9.0 
0.3 5.2 4.8 1.9 44 
ns 5.1 5.0 5.0 46 | 
I oes ns 5.3 5.0 4.8 4.8 
D 0.5 5.7 5.2 5.3 5.0 
ns 9.6 8.9 9.5 8.8 | 
| 0.5 9.8 9.6 8.8 9.1 
1.8 16.4 19.3 20.0 24.1 | 
1.4 7.0 9.2 8.0 11.6 | 
1.1 9.3 10.1 12.0 12.6 exes 
pass 3.7 19.8 19.2 25.8 25.7 
ene wn 3.1 14.0 12.8 17.9 18.4 
‘ ns 5.7 6.2 7.7 7.1 
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in 
TABLE 3 
Summary of chemical analyses of pectoralis major samples, on wet basis 
oo ¢ 
} Fir eu Second year First year Second year 
Ka Cooked Rav Cooked Raw Cooked Raw Cooked 
[ot 544 1.75 1.06 §.52 5.20 
ir 10.9 14 10.8 0.4 11.4 1.3 
1 1.8 11 2.4 1 17 1.1 2.5 1.7 
Mo 72.1 63.1 73.9 66 72.1 62.9 73.3 64.3 


On the whole, turkey halves roasted to 90°C in 


the pectoralis majo and 95> ¢ 


juiciness scores and press fluid vields, but greater 


those cooked to 85° C in the 
in the thigh and 90° C in the 


cooking losses) than 


peetoralis major, 
thigh 

Chemical analyses. It was postulated that the heat 
coagulable protein nitrogen in the cooked meat might 
be related to the the birds. Although 


there were differences in the degree of cdloneness as 


dloneness of 


measured subjectively, no relationship between these 


and heat-coagulable protein nitrogen) were found 
(Table 3 Also, appr wiable difference in- moisture 
was noted that could be attributed to end point 
temperatures. Slightly less fat was present the 


cooked pectoralis major than in the raw, even though 


moisture was lost during roasting 


SUMMARY 


defrosted 
turkey halves were roasted at 163°C (325 
point temperatures of and 
and 95) C in the thigh. 


Breasted Bronze 
KF) to end 


Kighty frozen Broad 


in the pectoralis 
major and 

Turkey halves roasted to either 90°C in the pee 
foralis major or 9D C in the thigh were satisfactorily 
Hlowever, an end point temperature of 90°C 
in the 
thigh beeause of the size and greater uniformity of 


clone 
in the pu cloralis major Was preferred to 95° C 
the pectoralis major muscle. Turkeys roasted to 85° C 
in the thigh were 


in the pectoralis major and 90° ¢ 


‘in the thigh had lower 


3. Goertz, G. E., 


than those roasted to 90°C in 
Turkey 


similar and less done 
the pectoralis major or 95° © in the thigh. 
halves cooked to end point temperatures of 85° © in 
the thigh were underdone. 

Flavor and tenderness scores were similar for birds 
cooked to all end point temperatures. Juiciness scores 
and press fluid yields were lower and cooking losses 
higher for satisfactorily done than for 
turkey halves. The amount of heat-coagulable protein 
in the pectoralis major was not related to the done- 


underdone 


ness of the musele. 
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Studies on Domestic Dates. |. 
Methods for Evaluating Darkening 


(Manuscript received May 21, 1959) 


Srvpies UNDERWAY in this labora 
tory on the chemistry of deterioration of domestic 
dates necessitated the development of reliable objec- 
tive methods for measuring their darkness. Such 
methods make possible the quantitative determination 
of the effects of variables such as temperature, mois- 
ture content and oxygen concentration on the rate of 
darkening. 

It was considered essential in the present work to 
be able to measure darkening in terms of both the 
observable darkness and the dark pigment content of 
date tissue because of the expected complexity of the 
browning reactions involved (6, 7, 9, 10, 13). Solvent 
extraction methods in which the soluble pigments are 
extracted from the darkened tissue and their concen- 
trations determined colorimetrically are useful for 
measuring dark pigment concentration (2, 4, 8, 11) 
but the results are not necessarily related to or con- 
vertible into units of observed darkness. Reflectance 
measurements, on the other hand, are closely related 
to the visually observed color of the sample (1, 5, 12), 
but do not measure the dark pigment concentration. 
Lack of a single procedure by which observable dark 
ness and the dark pigment concentration could be 
determined simultaneously made it necessary for our 
purposes to develop both a reflectance and a solvent 
extraction method for measuring the darkness of 
dates. 

Objectives of the work reported in this paper there- 
fore were: (1) to develop a reflectance method for 
measuring the darkness of dates; (2) to develop a 
solvent extraction method for measuring the amount 
of dark pigment produced in darkened dates; and 
(3) to evaluate and compare both methods over a 
wide range of darkness values using identical samples 
of dates. 


SOLUBLE PIGMENT EXTRACTION METHOD 


Extraction procedure. Numerous tests showed that blending 
20 g of ground (food chopper) date tissue with 100 ml of 
65% (v/v) aqueous methanol for 3 min followed by filtration 
through S & S No. 597 filter paper, washing with three 45 ml 
portions of fresh solvent, addition of 2 ml of 4 M acetate 
citrate buffer to adjust the pH to 6.0 to 6.3 and final dilution 
to 250 ml was the best extraction procedure. Pigment concen 
tration was determined by measuring the absorbance at 
400 mme with a DU speetrophotometer. Ninety-six per cent of 
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Fruit and Vegetable Chemistry Labora- 
tory,” 263 South Chester Avenue, 
Pasadena, California 


the pigment which could be removed from dark date tissue 
by repeated extractions with this solvent was obtained using 
this procedure. Tests with several other pigment extracting 
solvents (8) and various methanol-water mixtures showed that 
65% methanol was the most suitable solvent. Increasing the 
blending time to 5 or 10 min gave no signficant inerease in 
extractable pigment concentration. Clear solutions were ob 
tuined with one filtration. Allowing the unbuffered extract to 
stand overnight at room temperature produced no change in 
absorbance at 400 mme, 

Pigment concentrate. Absorption spectra of extracts from 
light and dark date tissue are given in Figure 1, They are 


DARK DATES 


ABSORBANCE 


LIGHT DATES 


400 440 480 520 360 


WAVE LENGTH, my 


Figure 1. Absorption spectra of 65% aqueous methanolic ex- 
tracts of light and dark dates. 


very similar except for the difference in pigment concentra 
tion, Extracts of dark dates were treated to obtain a concen 
trate of the dark pigment. The colored material was precipi 
tated with lead acetate, washed thoroughly with water, sus 
pended in methonal, aad treated with hydrogen sulfide. The 
lead sulfide precipitate was removed under vacuum at 50°C 
and the pigment concentrate obtained as a dark-brown, heavy 
syrup. The absorption spectrum of this material was very 
similar to that of the crude extracts. It differed only in having 
a somewhat higher absorption in the 450-600 mme region. 
Dilutions of the pigment concentrate with 65% methanol 
adjusted to pH 6.2 with acetate-citrate buffer showed that 
jeer’s Law was followed up to a concentration of 1.2 mg/ml 
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TABLE 1 
Estimate of the precision of methods used in determining darkness 
Light dates Dark dates 
Method Replicates Riese Standard Coeflicient of — Standard Coefficient of 
seated deviation Variation ang deviation Variation 

Extraction, mg pigment/e dry tissue 6 4.57— 4.74 O6ll 1.32% 8.91—9.2¢ 151 1.67% 
Reflectance, %, whole date 15 $.35- 5.20 278 5.AR% 
Reflectance, %, pureed date 6 19.5 78 175 5.90% 
at 400 mme. It gave a speeifie extinction coefficient (k) of light-colored dates. The equivalency of the three seanning unit 
0.650 ml’ Cog) Cem hy use of this extinetion coefficient the positions was tested in a similar manner and found to be 


100 mme enn be converted to nig dark 
If the moisture content of the tissue is 


absorbance readings at 


pigment ml of extraet 


known mg pigment g dry tissue can then be ealeulated. 


Test of precision. The precision of the method was tested by 
light and moderately dark date 


replientes each of 
percentage of 


use of six 


tixsue. The standard deviations expressed as a 
the mean pigment concentration were less than 2.0 in each ease 
(Table 1 


REFLECTANCE METHODS 


General instrumentation. Photovelt photoelectric retlection 
equipped with an external constant voltage transformer 
this work. The search unit 
amber tristimulus filters. 


meter 
ind galvanometer was used in Wiis 
instrument was usually operated with suppressed zero to obtain 
the widest possible spread of readings between light and dark 
The use of enamel plates (stand 


irdlized by pre 


with green, 


100 value was set by 
the instrument manufacturer against a freshly 


reflectance 


lates 


poured magnesium oxide surface representing 
whose reflectances with the green filter ranged from 36.5. to 
8.0¢,. The zero value was set by use of a dark cavity whose 


a black enamel plate whieh had a 
standardized 


zero oF 
157. The 
placing the working standards in the bottom 


reflectance was 


reflectance of instrument was before 


ach reading by 


of the plastie sample dish in a reproducible manner. This pro 
cedure eaneelled out any differences between sample dishes. 
The green tristimulus filter was always used, except in the case 
where other filters are specifieally mentioned, 


speed and effectiveness of reflectance meas 
sample added to 


rhis device permitted the average retleetance 


To inerease the 
urements a special presentation deviee was 
the reflectometer 
of a large operation 
the use of a Other 
workers ha shown this method to be equivalent to the average 


This was 


siumple to be obtained one 


through rotating plastie sample holder. 


of a large number of separate determinations (8, 77). 


also true in the present work. 


The rotating sample presentation device used was pat 
terned after that of Boekian and Hirzel (7). The seanning 
unit of the reflection meter is contained in the box shown in 


Figure 2. The unit is attached to a sliding mount which allows 
it to be moved so that most of the bottom surface of the sam 
ple dish ean be seanned from three positions. The dish is 
supported ‘so in above the seanning unit by three vertically 


positioned wheels and is kept in place while rotating by three 
horizontally-positioned side wheels. One set of wheels is fixed to 
a moveable, spring-loaded mount so that the sample dish ean be 
positioned or removed without difficulty. The sample dish is ro 
tated by a variable-speed motor acting through a friction-drive 
wheel kept in contact with the dish by spring tension. The sam 
ple container is a cireular, styrene dish 5'4, inches in diameter, 
1's in high with a perfeetly flat 4, in thick bottom. The speed 
at which the sample dish was rotated was generally between 
30 and 60 rpm depending on the homogeneity of the sample. 
The more homogeneous the sample the slower the speed of 
rotation necessary to give a constant galvanometer reading. 
Bach dish tested initially for uniformity by 
measuring its reflectance when filled with a homogeneous eelite- 
mixture had a similar to that of 


sample was 


charcoal whieh reflectance 
“The mention of special instruments or materials does not 
imply by the Department of Agriculture over 


others of similar nature. 


endorsement 


identical. In addition, the average of adjacent statie readings 
was compared with single readings taken when the dish was 
The theory 


rotating. No significant diflerence was observed. 
supporting this observation was diseussed by Lukens and 
Creese (3). 

The change in eolor of domestic Deglet Noor dates from 
golden-brown to dark-brown to black is due primarily to a 


in the lightness attribute of color. In tristimulus 
colorimetry the green filter is used to direetly measure light 
ness or luminous apparent refleetance (Y value). This filter 
was selected, therefore, since it was expected to give the best 
single measure of the color change. The assumption was sub 
stantiated by measurements in which the blue, green and 
amber tristimulus filters were used to caleulate the X, Y, Z 
In X, Y and Z values, the light and dark 


decrease 


tristimulus values. 


dates differed by 0.90, 2.30 and 0,023 respectively. 


Figure 2. Sample dish and presentation device for reflection 
meter. 


Whole dates. In order to obtain a reasonably uniform surface 
dates were earefully pitted, placed in the sample dish and an 
aluminum disk of slightly smaller diameter than the sample 
dish pressure applied with a 
hydraulic press, 
in place during the reflectance reading sinee its removal caused 
the dates to separate from the bottom of the dish. A pressure 
of 200 psi was found to give a uniform surface without rup 
turing the skins of dates containing 20% moisture. Optimum 
pressures for dates of widely different moistures would proba 
bly vary somewhat from this figure. The effeet 
increases in pressure on the reflectance readings is shown in 
Table 2. When a pressure of 200 psi was applied to the same 
sumple three successive times identical values were obtained 
showing that the decrease in reflectance is due to the inereased 


was plaeed on the dates and 
It was convenient to leave the aluminum disk 


of successive 


pressure. 

The reproducibility of this method was tested using a large 
lot of dates whieh were visually selected as being as elosely 
equivalent in eolor as possible. A weighted average method 
based on the percentage of the total area seanned in each posi 
used to obtain the overall refleetance value. For 
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Taste Appeal... Eye Appeal... Buy Appeal with... 
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Corn Syrup Solids. 


DRI-SWEET fortifies Taste Appeal by keeping comminuted 
meats at the peak of their natural deliciousness. Retains flavor 
and juices without over sweetening. 


Man From Hubinger”’ 
is ready to offer detailed ad- DRI-SWEET puts more into Eye Appeal because this pure, 

vice on how OK BRAND DRI- transparent and nutritious carbohydrate from corn syrup 

SWEET can improve your com- preserves appetizing colors. Reduces watering-off and shrinkage. 
minuted meats. If he hasn't Binds meat particles for more appealing texture (easier 

called on you, write, wire or processing, too!) 

phone today for prompt at- Proper taste and eye appeal add up to greater Buy Appeal. 
tention to your needs. Only OK BRAND DRI-SWEET performs so well, yet is so 
economical and easy to use. Available in 2 popular forms: 

OK BRAND DRI-SWEET 42 D.E. Coarse and 42 D.E. 
Powdered. All available in convenient 100 Ib. moisture-proof bags. 


THE HUBINGER COMPANY 


Keokuk, lowa 
NEW YORK + CHICAGO + LOS ANGELES * BOSTON + CHARLOTTE + PHILADELPHIA 


| 
2 | 
| 
| 
Ke | 
| 
ALN? 
ae f | 
: 


STUDIES ON DOMESTIC DATES, I. 141 


TABLE 2 
Effect of pressure on reflectance of whole dates 


. 
% Reflectance 
psi 


Sample 1 | Sample 2 


2.95 3.14 
2.57 2.51 


2.52 2.41 
2.44 2.36 


’ressure maintained for 5 sec in successive steps 
scunning unit positions 1, 2 and 3 these areas were 11.1, 36.5 
und 52.4%, respectively, of the total area. The reproducibility, 
Table 1, is fair as shown by the standard deviation obtained, 
ie., 5.90, of the mean reflectance. 

Pureed dates. litted date tissue (120 g) was blended with 1.5 
times its weight of water. This amount was just sufficient to 
produce a heavy puree which could be transferred without 
difficulty. Small variations (+3%) in the amount of water, 
Which are equivalent to large changes (10-30%) in the mois 
ture content of the date tissue, caused only a +1.5% change 
in the reflectance values obtained. The puree (250 g) was 
poured into the sample dish and its reflectance determined; the 
rotating dish method was used. It was necessary to protect the 
instrument from outside light by using a covered sample dish 
which was painted black on the sides and top. A 10% variation 
in the amount of puree put in the sample dish caused no sig 
nificant difference in the reflectance readings. 

The reproducibility of this method was tested. Large 
amounts of material were prepared from light and dark dates 
ot equivalent moisture contents by removing the pits and 
passing the tissue through a food chopper several times. One 
hundred and twenty gram portions were then pureed with 
water and the reflectance of each was measured. The standard 
deviations (Table 1), 2.86% and 3.90% of the mean values for 
light and dark tissue, are considerably smaller than that ob 
tained with whole dates. The range of refleetanece values 
between light and dark dates is also much wider when the 


puree method is used. 


COMPARISON OF EXTRACTION AND 
REFLECTANCE METHODS 


Large quantities of homogeneous light and dark 
tissue were prepared as before from light and dark 
dates. Various mixtures, by weight, of the light and 
dark tissue were made and the soluble dark pigment 
content and reflectance (puree) of each determined. 
The data in Figure 3 show that the amount of soluble 
dark pigment extracted is direetly related to the 
percentage of dark tissue present. Thus, pigment 
extraction is uniform for all levels of tissue darkness 
tested. Refleetance of the puree, as would be expected, 
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Figure 3. Reflectance (puree) and soluble dark pigment con- 
tent of mixtures of light and dark date tissue. 


is not directly related to the percentage of dark 
tissue in the mixture, Figure 3; in fact it approaches 
a logarithmic relationship. It is apparent from 
Figure 3 that the reflectance is extremely sensitive to 
the darkening of light colored dates, but is relatively 
insensitive to the darkening of dates which have a 
reflectance of less than 3%. 

The methods were also compared by making use of 
dates of different darkness levels. Ten batches of 
dates ranging in darkness from extremely light (SO. 
bleached) to very dark (prolonged high temperature 
storage) were prepared and arranged in order of 
increasing darkness (Nos. 1-10) by visual inspection. 
The dates within each group were selected for maxi- 
mum color uniformity. The darkness of each batch 
was then determined using each of the three methods: 
extractable dark pigment, reflectance of whole dates 
and reflectance of pureed dates. 

The results of this study, Table 3, show the range of 
values to be expected from extremely light and dark 


TABLE 3 


Comparison of pigment extraction and reflectance methods for 
determining darkness of dates 


Whole Pureed Extracted 
dates dates, soluble 
pigment 


Sample No | Treatment 
eflectance reflectance mg/g dry wt 


bleached 32.6 | 5.08 
SOez bleached { 27.5 5.14 
None 7 23. 5.83 
None 2.2 6.39 
Stored at 8.12 
Stored at 2 26 16.4 
Stored at ¢ y 17.0 
Stored at 75 y 28.0 
Stored at { 3.8% 29.8 
Stored at 85 2.6 50.6 


dates. The three-fold greater reflectance range ex- 
hibited by the pureed dates as compared with the 
whole dates is caused by the dilution effect of the 
water and the higher reflectance of the more uniform 
surface of the puree. Except in the very low reflect- 
ance region where sensitivity is poor an approximate 
linear relationship exists between the reflectance 
values obtained using these two methods. Thus, the 
reflectance of pureed dates can be used as an estimate 
of the reflectance of whole dates. In addition, the 
reflectance values compared very well with the visually 
observed darkness of the dates. 

The amount of dark pigment extracted from dates 
of different darkness levels, Table 3, is not directly 
related to the observed darkness as measured by re- 
fleectance. This agrees with the relationship between 
reflectance and soluble pigment shown in Figure 3. 
Table 3 also shows that the usefulness of the extrac- 
tion method is not limited by the darkness level of the 
dates as is the reflectance method. Below 3% reflect- 
ance extractable dark pigment is a much more reliable 
measure of darkening. 

Samples of these dates were used, in addition, to 
obtain an estimate of the darkness level which limits 
their acceptability. Judges were asked to choose the 
sample of maximum darkness that they would pur- 
chase if buying dates for home use. Of the 16 judges 
81% chose samples No. 5-7 while 19% picked samples 
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No. 8-10 (sample numbers are shown in Table 3). 
When asked their preference with regard to darkness 
most of the judges (87[ ) chose samples No. 3 and 4. 
Close examination of the dates revealed that sample 
No. 7 still retained a slight translucency characteristic 
of light dates whereas samples No, 8-10 had none. 
This transluceney is caused by the lighter color of the 
fibrous sheath underlying the darker, soft outer tissue. 
When this sheath becomes equally as dark as the outer 
tissue the transluceney disappears. Thus, the dark- 
ness level associated with sample No. 7, approximately 
reflectance for pureed dates, ean logically be em- 
ployed as a useful experimental criterion of color de- 
terioration in dates 


SUMMARY 


Two methods have been developed by which the 
darkening of dates curing deterioration can be fol- 
lowed. The reflectance method in which either whole 
or pureed dates can be used is very sensitive to the 
initial darkening and is closely related to the visually 
observed darkness. The use of pureed dates ts’ pre- 
ferred, however, because of the greater precision and 
the broader range of reflectance values obtained with 
light and dark dates. The solvent extraction method 
permits the precise measurement of the amount of 
soluble dark pigment present in date tissue of any 
degree of darkness. Although the results are not 
directly related to the visually observed darkness this 
method has the advantage of providing a measure of 
the later stages of darkening where the reflectance 
method is net sensitive 
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The Use of Antibiotics and Gamma Irradiation in the 


Aging of Steaks at High Temperatures 


(Manuscript received September 19, 1959) 


| # THE MEAT INDUSTRY, the aging 
of beef carcasses and cuts to improve tenderness is 
frequently carried out by holding the meat for two 
weeks at 35° to 40° F. 
inventories and results in moisture trimming 
losses. For these reasons beef usually moves directly 


to the retail outlet without aging. A rapid, economical 


This procedure requires large 


method of aging would permit more beef, particularly 
the lower grades, to be tenderized in this manner. 

Assuming that the tenderization which oceurs dur 
ing aging is an enzymatic process, it follows that the 
aging time can be reduced if the temperature is raised. 
Weiser ef al (9) aged beef rounds and carcasses at 
room temperature (75-85° F) after infusion with an 
antibiotic solution and found them to be more tender 
than controls which had been chilled after slaughter. 
In other experiments aging beef for 2-3 days at tem- 
peratures ranging from 57° to 86° F, produced ten- 
derness changes similar to those found in beef aged 
12-14 days at 35° to 40° F (6,7). In this work ultra- 
violet irradiation was used to control surface micro- 
bial growth. 

In the present study tetracycline antibiotics alone 
and in combination with gamma radiation were used 
as preservatives during aging at elevated tempera- 
tures. Niven and Chesbro (4) have reported that high 
energy irradiation and the tetracycline antibiotics 
complement each other in their preservative effect on 
meat. The adverse effects of irradiation on meat 
flavor are generally proportional to the dosage em- 
ployed but are not pronounced at ‘‘pasteurization’’ 
levels. Beef has been shown to be more susceptible 
than pork to flavor and odor alteration (3,5). In the 
present study, both antibiotics and irradiation were 
used, when needed, to allow maximum flexibility in 
holding conditions with the objective of establishing 
the optimum aging time and temperature for the 
rapid tenderization of beef 
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EXPERIMENTAL METHODS 


Preliminary work was conducted in which the experimental 
procedures and the level of irradiation were established. In 
combination with antibiotie treatment 45,000 to 50,000 rad of 
gamma radiation was found to be suflicient to control microbial 
growth under the conditions employed. Although irradiation 
at higher levels was somewhat more effective, dosages of 


100,000 rad or more resulted in detectable flavor changes in 


the aged steaks. 

Inside rounds from chilled U. S. Good and Utility beef ear 
casses, obtained approximately 72 hr post slaughter, were 
used in these studies. The rounds were stitch pumped to 106% 
of their weight with a solution containing an appropriate 
amount of antibiotic. The stitch pumping procedure was found 
to be effeetive when 30 to 50 ppm of antibiotic were infused 
into the meat prior to aging. It was assumed that the other 
methods which would provide completely uniform distribution 
would permit a lower level of antibiotic to be employed 

The semimembranosus muscle from the rounds was sliced 
into 4 in steaks and allocated to the aging conditions in a 
randomized design so that all steak locations, left and right 
sides and eareasses were, as far as possible, represented in all 
treatments of a particular experiment. The beef was aged in 
the form of, steaks which allowed adjacent loextions within a 
muscle to be subjected to different treatments, This proceedure 
wis chosen because it most nearly approached using identical 
samples for two treatments and, in addition, took advantage 
of the similarity between sides. Previous work (1) in this 
laboratory had shown that steaks 4-9 (anterior to posterior) 
were the most uniform in tenderness and these were used in 
the aging experiments. 

A surface dressing on each steak was obtained by placing 
the steak in a plastic bag (Cry-O-Vae)* containing 50-100 ml 
of pumping solution. The bag was agitated, allowed to stand 
for 30 min and the fluid content decanted prior to sealing the 
package under vacuum, All preparation work was conducted 
at 45° F, 

One experiment was designed to determine whether irradi 
ation would interfere with tenderization at elevated aging 
temperatures. In this instance the packaged steaks were held 
overnight at 35° F and then transported to the Argonne Na 
tional Laboratory in a refrigerated container, Irridiation was 
performed in a measured gamma field obtained from spent fuel 
rods. Refrigeration sufficient to maintain a steak temperature 
of 35° to 40° F during irradiation was provided by refrigera 
tion plates. This preparatory work was completed in approxi 
mately 30 hr. 

Aging at 90°, 100°, 110° and 120° F was conducted in con 
vection type incubators, all steaks being at the same height in 
the ineubator. For aging at 35° F, a forced air cooler was 
used. Unaged control steaks were frozen at —20° F immedi 
ately following cutting. 

\ bacteriological examination of the steaks was made after 
aging. A weighed amount of meat was removed aseptically from 
a steak and homogenized in a Waring blender in sterile distilled 
water. Aerobic counts were made by the conventional quanti 
tative plating technique using tryptone-yeast extraect-glucose 
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agar (2), ineubated for 48 hr at 86° F (30°C). Populations 
of anaerobie bacteria were estimated by adding 0.1 ml of a 
suitable dilution of the meat infusion to 20 ml of medium in 
a serew cap tube. Brewer’s medium (Difco), modified to eon 
tuin 0.1% soluble starch was employed. The cultures were 
incubated for 3 days at 86°F (30°C), Although it was 
realized that this technique lacked precision because of growth 
by facultative bacteria, it served the purpose for whieh it was 
intended in these experiments. 

A further test for the presence of toxie substances was made 
by inoculating mice intraperitoneally with 0.2 ml of the fil 
trate from the water and meat homogenate used for plate 
counts, 

After the samples for bacteriological analysis were removed, 
the steaks were wrapped in aluminum foil and frozen, When 
the bacteriological examination was completed the steaks were 
thawed overnight at 45° F prior to broiling. Cooking and 
sumpling proceedures were the same as described in earlier re 
ports (7, S). Initial tenderness of the steaks and the amount 
of residue remaining after chewing were recorded using a 
scoring range from 1-10 corresponding to inereasing tenderness 
and decreasing residue. Panel data were analyzed by analysis 
of varianee or Student’s ‘‘t’’ test. For shear measurements, 
5-7 cores, 14 in in diameter, were cut from the portion of the 
cooked steaks not used for the taste panel. The cores were 
brought to 45° F and sheared perpendicular to the fibers using 
a Warner-Bratzler shear machine. 

Specific procedures applying to individual experiments are 
given prior to the results and discussion of each, 


RESULTS AND DISCUSSION 


Effect of gamma irradiation on tenderness, In a 
preliminary experiment, irradiation in excess of 
100,000 rad had an apparent adverse effect on the ten- 
derness of the steaks during subsequent aging. The 
following experiment was designed therefore, to de- 
termine whether irradiation at 45.5 thousand rad had 
a significant direet effect on the tenderness of steaks 
or on tenderization at elevated temperatures. An 
aging temperature of 110° F was used. Matched in- 
side rounds of &8 U.S. Good careasses were infused 
with oxytetracyeline,’ 2 pairs with 20 ppm and 6 pairs 
with 30 ppm. After cutting into steaks and pack- 
aging, one half of the steaks were irradiated. One 
half of the steaks from the irradiated group and one 
half from the non-irradiated group were randomly 
allocated to an aging temperature of 110° F for 2 
hr and the remainder were frozen immediately as 
controls, 

Microbiologieal control of both irradiated and non- 
irradiated steaks was generally satisfactory. Aerobic 
counts averaged less than 100,000 organisms per g 
and the anaerobic counts were usually lower than the 
aerobie counts. The irradiated steaks had slightly 
lower aerobic and anaerobie counts but the antibiotic 
treatment alone yielded satisfactory control during 
aging and was used subsequently when aging was 
carried out at 110° F. The relative effectiveness of 
gamma irradiation was more pronounced in subse- 
quent experiments when the temperature was more 
nearly optimal for bacterial growth. 

The mean tenderness and residue scores, shear 
values, and their statistical analyses are given in 
Tables la and 1b respectively. 

Taste panel results confirmed preliminary observa- 
tions that irradiation of steaks at a level of 45,500 rad 


* Supplied by Chas, Pfizer and Co., Ine. 


TABLE 1a 


Tenderness values of steaks receiving 45.5 thousand rad of 
gamma radiation prior to aging at 110° F 


Hours | No. of Tenderness Shear ' 


Treatment (at 110° F) | judgments | (ib) 


Initial | Residue 


Control | | 
Control 2 
Irradiated.............. 5 5 1 
Irradiated 4 


1 Mean of 24 steaks, 5-7 determinations per steak 


had no adverse effect on the flavor of the product 
This level of irradiation did not affect the tenderness 
of unaged steaks or inhibit tenderization when steaks 
were subsequently aged at 110° F. Significant in 
creases in tenderness were found in steaks aged at 
110° F for 24 hr. 

Aging at 90° F. Matched inside rounds from 8 U.S 
Good carcasses were infused with oxytetracycline 
(OTC). The first 2 pairs received 30 ppm OTC but 
because microbial control was not entirely satisfac 


TABLE 1b 


Analysis of variance for tenderness and residue scores and shear 
values of irradiated steaks aged at 110° F 


Tenderness 
Initial Residue Shear 
ms ms 


Source of variation 


Irradiation. 
Animal 2 Lon’ 


*** 
df—degrees of freedom. 
ms--mean square. 


tory, the remaining 6 pairs received 50 ppm OTC. 
After packaging, the steaks received approximately 
45,500 rad of gamma radiation and were aged 0, 1, 2, 
or 3 days at either 35° or 90° F. 

Microbial growth was satisfactorily controlled in 
this experiment. The anaerobic counts ranged from 
1 x 10° to 240 x 10* organisms per g of meat depend- 
ing on the aging time. 

The tenderness and residue scores, shear values, 
and the analysis of the results are shown in Tables 2a 
and 2b, respectively. Steaks held at 90° F for 1, 2, or 
3 days had significantly higher tenderness and residue 
scores than unaged controls. Some increases in ten- 


-o 


derness were noted in the steaks held at 35° F but in 


TABLE 2a 


Effect of time and temperature of aging on the tenderness scores 
and shear values of semimembranosus steaks 


Tenderness ! | 


Shear values? 


Initial | Residue | 


35° F 90° F 


| (lb) 
5.5 5. 5.6 | §.£ 10.1 
6.0 | 9.9 
5.7 5! 5.6 | 6: 10.4 
5.9 5 9.7 
'Mean of 96 judgments for each time-temperature group. 
2 Mean of 12 steaks, 5-7 values per steak, 
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What’s the hidden magic that makes 
her buy your brand again...and again? 


There are many ways to sell a product once .. . but 
repeat sales depend on the hidden magic of flavor, 
performance, texture, economy ...customer satis- 
faction with your product. 

Fast-growing way to achieve these sales assets is 
with the improvement added by enzymes. And today 
Miles Chemical is your best source for enzymes. 
Takamine products offer the widest variety of en- 
zymes available . . . all highly specific in their actions 
... derived from fungal, bacterial, plant, or animal 
sources ...and readily inactivated when their job is 
done. 

Beverage or food product ...Takamine enzymes 
can consistently help speed up processing, guard 
color and stability, enhance flavor, protect shelf 
life ...endow your products with the hidden magic 
that captures repeat customers. Let us tell you niore 
about these willing workers from Takamine. All in- 
quiries are handled promptly. 
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Pectinase to increase yields, improve color, and speed 
processing in fruit juices and wine production. 


Another Takamine food enhancer is sodium erythorbate 
(sodium isoascorbate) or erythorbic acid, economical anti- 
oxidants widely used to improve flavor, appearance and 
shelf life of many food products. 
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TABLE 2b 


Analysis of tenderness scores and shear values of steaks 
aged at 90° F 


Tenderness Shear 
Ss f varis 
Initial | Residue 
ms 


Time 15.17* 
Temp 9.99 
3 11.04** 
Residual 2.84 


50 


64 


veneral these differences were not significant. Differ- 
ences in shear values were significant only for tem- 
perature effect. Because temperature had a signifi- 
vant effect on residue scores and not on initial tender- 


hess scores may indicate that the Warner-Bratzler 


shear is a better measure of changes in connective 
tissue than of changes in muscle fibers during aging. 
The greatest increase in tenderness, as determined by 
the three measurements of tenderness, was in those 
steaks which were held for 2 days at 90° F. It will be 
observed in Table 2a that the steaks reached an 
apparent optimum tenderness after 2 days. A similar 
effect occurred at other aging temperatures and _ is 
discussed in conjunction with the experiment which 
follows. 

Aging at 110 F. In this experiment, 4 pairs each 
of U. 8S. Good and Utility inside rounds were infused 
with 50 ppm of oxytetracycline and prepared for 
aging as previously outlined. U.S. Good rounds were 
used in the second half of this experiment because it 
was thought that any aging effects in the steaks from 
Utility grade rounds were being partially masked by 
the large amount of connective tissue noted by the 
panel members. The steaks were aged 0, 16, 2+ or 40 
hr at 35° to 110° F. 

With the exception of the steaks which were age 
40 hr at 110° F the bacteria counts on samples of the 
aged product were generally low. Six of the 12 steaks 
aged for 40 hours at 110° F had apparent anaerobic 
counts in excess of 100,000 organisms per g and were 
positive for staphylococci. Taste panel judgments 
were not made on these steaks. 

The taste panel and shear test results on the steaks 
from U. 8S. Good and Utility rounds are shown in 
Table 3a. The analysis of these data appears in 


Table 3b. The tenderness of the steaks aged at 110° F 
increased significantly at all aging times. The steaks 
which showed the greatest difference in tenderness 
compared to the controls held at 35° F were those 
which were aged 24 hr at 110° F. These differences 
were apparent in tenderness and residue scores as 
well as shear test values. A marked difference in taste 
panel scores and shear values was obtained between 
grades but the extent of tenderization within each of 
the grades was quite comparable. As indicated pre- 
viously, aging of steaks in this manner produced an 
apparent optimum tenderization followed by some 
loss of tenderness. 

In this experiment evaporation losses during stor- 
age, defrosting, and cooking were noted. Moisture 
losses from the steaks aged 40 hr at 35° and 110° F 
averaged 6.2 and 17.6%, 
were approximately 22 and 7% greater than occurred 


respectively. These losses 


TABLE 3b 


Analysis of variance of taste panel scores and shear values of 
steaks aged at 35° F and 110° F 


Tenderness Shear 


Source of 
variation initial Residue 


ms 


Temperature 93.2*** 


Time 
Grade 
Residual 


* PS0.05 


* P>0.001 


after 24 hr aging. Cooking losses were less in those 
steaks which were aged at 110° F but the total losses 
were 8% higher in steaks aged for 40 hr than they 
were for steaks aged for 24 hr. It is felt that the 
greater moisture loss in the steaks aged for 40 hr at 
110° F was at least in part responsible for the lower 
tenderness scores of these steaks,. Weight losses in 
these experiments could be expected to be higher than 
under conditions of normal aging because of the mois- 
ture added in the antibiotic treatment. 

Bacterial spoilage was more conveniently con- 
trolled at 110° F than at 90° F. 
tenderization was noted when steaks were aged at the 


In addition, greater 


higher temperature and shorter time. For these rea- 
sons 110° F was accepted as being more nearly the 


optimum for aging and a further experiment was de- 


TABLE 3a 
Mean tenderness scores and shear values of steaks from Utility and Good rounds aged at 110° F 


| | 


No. of 


initial 
judgments 


Aging time 


Utility 


Good 


Tenderness Shear values 


~ 


er} 


| 


3 8.60 
15.05* 1 66,17" 
9.50* 3 19.21 
: 2.83 625 10.27 
L.8.D. .01.. 1.30 
* P<0.05 
| 
—|— 
113.0°**) 34.6°** | 1 | §164.2*** 
636 2.4 2.47 512 | 10,24 
\ 
4 
i | 
7 F 
15° F 110° F 5° F 110° 
hy lb) | Ib) 
0 42 4.6 5.7 5.2 6.2 14.7 
16 42 io 6.2 5.7 6.6 16.2 
24 47 5.3 7.4 5.6 7.1 13.7 \ 
; TD 22 4.7 5.7 1.8 6.0 15.6 
[| 0 48 5.9 5.9 64 6.5 7.6 
16 6.3 6.9 6.4 7.0 4.7 
24 4 6.5 7.5 6.8 72 8.1 : 
24 5.9 6.7 6.5 6.9 
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TABLE 2b 


Analysis of tenderness scores and shear values of steaks 
aged at 90° F 


Tenderness Shear 
Source of variation df | Reside 
df ms 
ms ms 
lemp 9.99 15.05% l 66.17 
Residual Tt 2.84 2.83 625 10.27 
L.S.D. 50 44 1.00 
L.S.D. 64 1.30 


veneral these differences were not significant. Differ- 
ences in shear values were significant only for tem- 
perature effect. Because temperature had a signifi- 
cant effect on residue scores and not on initial tender- 
hess scores may indicate that the Warner-Bratzler 
shear is a better measure of changes in connective 
tissue than of changes in muscle fibers during aging. 
The greatest increase in tenderness, as determined by 
the three measurements of tenderness, was in those 
steaks which were held for 2 days at 90° F. It will be 
observed in Table 2a that the steaks reached an 
apparent optimum tenderness after 2 days. A similar 
effect occurred at other aging temperatures and _ is 
discussed in conjunction with the experiment which 
follows. 

Aging at 110 F. In this experiment, 4 pairs each 
of U.S. Good and Utility inside rounds were infused 
with 50 ppm of oxytetracyeline and prepared for 
aging as previously outlined. U.S. Good rounds were 
used in the second half of this experiment because it 
was thought that any aging effects in the steaks from 
Utility grade rounds were being partially masked by 
the large amount of connective tissue noted by the 
panel members. The steaks were aged 0, 16, 2+ or 40 
hr at 35° to 110° F. 

With the exception of the steaks which were aged 
40 hr at 110° F the bacteria counts on samples of the 
aged product were generally low. Six of the 12 steaks 
aged for 40 hours at 110° F had apparent anaerobic 
counts in excess of 100,000 organisms per g and were 
positive for staphylococci. Taste panel judgments 
were not made on these steaks. 

The taste panel and shear test results on the steaks 
from U. 8S. Good and Utility rounds are shown in 
Table 3a. The analysis of these data appears in 


No. of 
judgments 


Initial 


(irade Aging time 


Utility 0 42 4.6 
16 1.9 
4 47 5.3 
22 4.7 
Good 0 48 5.9 
16 6.35 
24 in 6.5 
24 5.9 


TABLE 3a 
Mean tenderness scores and shear values of steaks from Utility and Good rounds aged at 110° F 


Table 3b. The tenderness of the steaks agec at 110° F 
increased significantly at all aging times. The steaks 
which showed the greatest difference in tenderness 
compared to the controls held at 35° F were those 
which were aged 24 hr at 110° F. These differences 
were apparent in tenderness and residue scores as 
well as shear test values. A marked difference in taste 
panel scores and shear values was obtained between 
grades but the extent of tenderization within each of 
the grades was quite comparable. As indicated pre- 
viously, aging of steaks in this manner produced an 
apparent optimum tenderization followed by some 
loss of tenderness. 

In this experiment evaporation losses during stor- 
age, defrosting, and cooking were noted. Moisture 
losses from the steaks aged 40 hr at 35° and 110° F 
averaged 6.2 and 17.6%, respectively. These losses 
were approximately 22 and 7% greater than occurred 


TABLE 3b 


Analysis of variance of taste panel scores and shear values of 
steaks aged at 35° F and 110° F 


| Tenderness Shear 
Source of | if 
j 
variatior Initial tesidue | 
ation litia Residuc dt } ms 
ms ms | 
Temperature 256.3 36.6*** 
Time 24.0%" 3 
Grade 1 §164.2*** 
Residual 636 2.4 2.47 512 10.24 
* PS0.05 
P>0.001 


after 24 hr aging. Cooking losses were less in those 
steaks which were aged at 110° F but the total losses 
were 8% higher in steaks aged for 40 hr than they 
were for steaks aged for 24 hr. It is felt that the 
greater moisture loss in the steaks aged for 40 hr at 
110° F was at least in part responsible for the lower 
tenderness scores of these steaks,. Weight losses in 
these experiments could be expected to be higher than 
under conditions of normal aging because of the mois- 
ture added in the antibiotic treatment. 

Bacterial spoilage was more conveniently con- 
trolled at 110° F than at 90° F. In addition, greater 
tenderization was noted when steaks were aged at the 
higher temperature and shorter time. For these rea- 
sons 110° F was accepted as being more nearly the 


optimum for aging and a further experiment was de- 


Tenderness Shear values 


) t 14.7 14.5 

7 6 16.2 13.2 
7.1 13.7 12.6 
1.8 6.0 15.6 13.2 
64 6.5 76 7.7 
6.4 1.0 8.7 7.8 
6.5 7.2 8.1 
6.5 6.9 7.9 
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signed to investigate aging temperatures within a 
10° Fk range of the apparent optimum. 

Aging at 100 F,110 F and 120 F. Matched pairs 
of the inside rounds of six U.S. Good careasses con 
taining SO ppm oxytetracyeline were sliced and the 
steaks packaged, aged and stored according to. the 
procedures previously deseribed. Steaks aged at 
100° Fo were held 2 days and those aged at 110° F and 
1200 ko owere held for 24 hr. Control samples were 
frozen immediately after packaging or after irradi- 
ation. The steaks that were aged at 1000 F and their 
adjacent controls received 45.5 thousand rad of gam 
nia radiation prior to aging. Bacterial growth was 
effectively controlled and all the steaks were sub- 
mitted to the taste panel. Taste panel results and 
shear test scores are shown in Table 4. The differences 
between mean values of the various experimental 
treatments were analyzed by the ‘t’? test and signifi 
cant differences are indicated in the table. 

As indicated in Table 4 inital tenderness and resi 
ddue scores were related directly to the aging tempera 
tures and were increased significantly over compara 
ble unaged controls at all temperatures. In the lower 
portion of Table 4 comparisons are drawn between 
three aging conditions. The difference between heat 
scores for steaks aged at 100° F and 110° F are not 
significant and are both instances significantly 
lower than those of steaks aged at 120° FL Although 


TABLE 4 


Mean tenderness, residue and shear values for steaks 
aged at 100°, 110°, and 120° F 


A Tenderness Shes 
lime and temp No. of iderne hear 
of aging idyments 
= Initial Residue No (tb) 
days at 100° Ho 77 4.75 
Unaged controls tia * ou 4 58NS 
Idayat lio F 812 6.3 6.2 a4 8.60 
naged control | au 9.73 
at b iA 7.2 7 7.04 
Unaged control lure ay 50** 
days at loo’ “0 | 77 8.75 
t 6.5 62 a4 
days at Loo” 60 77 75 
tdayat ize 74° 7.2 7 7.04 
Idayat 6.5 6.2 a4 
7.4* 7.2° 73 7.04 


the scores alone showed that 120° F was the preferred 
aging temperature, steaks aged in this manner were 
reported by the panel to be dry and to have a 
‘warmed-over’’ flavor. These comments by the panel 
members and the partial destruction of the normal 
red color during aging suggested that the steaks were 
partially cooked and that only a part of the tenderiza 
tion resulted from an aging effect. Aging at 100° F 
was eliminated because bacterial spoilage was more 
difficult to control than at 110° F. The above series of 
experiments demonstrated that steaks could be ten- 
derized in the manner preseribed and it was of  in- 
terest to determine if the tenderization achieved) was 


comparable to that obtained when steaks were aged 
for two weeks at 35° F. 

High temperature aging compared to a more con- 
ventional aging procedure, Steaks were cut from 5 
pairs of U.S. Good inside rounds which had been 
infused with oxytetracyeline, 2. pairs with 20° ppm, 
and 6 pairs with 30 ppm. The inereases in tenderness 
of steaks aged 24 hr at 110° F were compared to 
adjacent steaks aged 14 days at 35° F. The steaks 
were randomly assigned taking into consideration the 
differences between animals, sides, locations within 
the musele and aging temperature. 

After aging at 110° F, steaks from two of the 
rounds infused with 20 ppm of oxytetracyeline had 
somewhat higher bacterial counts than those infused 
with 30 ppm but all were considered satisfactory for 
taste panel evaluation. The taste panel and shear test 
results are given in Table 5. Significant differences 
between means are indicated. 


TABLE 5 


Mean tenderness, residue and shear values for steaks 
aged at 35° and 110° F 


Tenderness 


lime and temp No. of No. of eee 
of aging judgmen Initial 
Unaged control 
(35° F) 165 5.2 <1 
Unaged control 
110° F) 178 5.3 10.8 
14 days——(35° F) 166 5.9 5.8 51 10.8 
Unaged control 165 5.2 5.2 | 11 
1 day (110° F) ‘ 7B ) 
Unaged control 175 
14 days—-(35° F) 166 5.0 x1 
1 day—(110° F) 179 6.3" 62 03 
* P<—0.05 


Tenderness was increased significantly by both 
aging treatments. The mean tenderness scores showed 
an increase of 0.7 unit on the tenderness scale for 
aging at 35 F and 1.0 unit for aging at 110° F 
Shear values were unchanged by aging at 35° F but 
followed the taste panel scores for steaks aged at 
110° F. The results of the Warner-Bratzler shear 
test in this experiment were rather typical of other 
comparisons in which the larger taste panel differ 
ences in tenderness were reflected in significant dif 
ferences in shear values and small differences were 
not. From the results given in Table 5 it was con 
cluded that under the conditions used, steaks were as 
effectively tenderized in 24 hours at 110° F as in 14 
days at 35° F. 

While this study was primarily concerned with 
tenderness, an objectionable flavor, described by the 
panel members as acrid or stale, was frequently noted 
in the aged steaks. The undesirable flavor oecurred 
more frequently in steaks aged at the higher tem 
perature. It seems likely that the large surface area 


of the steaks provided a greater opportunity for 


flavor deterioration than would the relatively limited 
surface area of beef rounds or sides. 
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ANTIBIOTICS AND RADIATION TO AGE STEAKS 


SUMMARY 


Round steaks from U. S. Utility and U. S. Good 
carcasses were used to determine the optimum condi- 
tions of high temperature and time for increasing the 
tenderness of beef by aging. Microbial growth dur- 
ing aging was effectively controlled by infusion of 
30-50 ppm of oxytetracycline into the rounds prior 
to cutting, or by 45,500 rad of gamma radiation in 
combination with the antibiotic treatment. 

At the level used (45,500 rad), gamma irradiation 
did not affect the tenderness or tenderization of 
steaks aged at 110° F for 24 hours. 

In other experiments, 2 days at 90° F and 24 hours 
at 110° F were found to be optimal for aging steaks 
to achieve effective tenderness. Steaks aged for 24 
hours at 120° F showed greater increases in tender 
ness than those aged for 24 hours at 110° F or for 2 
days at 100° F. Aging at 90° F necessitated more 
severe treatment to prevent excessive bacterial growth ; 
while aging at 120° F resulted in more undesirable 
color and flavor changes in the steaks than found in 


those aged at the lower temperatures. On this basis, 
24 hours at 110° F was selected as the most desirable 
aging time and temperature for the rapid tenderiza 
tion of beef round steaks. Additional studies showed 
that steaks aged for 24 hours at 110° F had tender- 
ness Increases comparable to those found in steaks 
aged for 14 days at 35° F. 
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Time-Temperature Tolerance of Frozen Foods. XX. 


Boysenberries 


D, TAILED RESULTS on time-tem 
perature tolerance of major frozen fruits in’ retail 
This is the 
first paper in the series which gives results on effeet 


packages have been reported (2, 3, 4, 5) 


of temperature in larger than retail packages of 
frozen fruits. Since frozen boysenberries are largely 
prepared in IQE (individually quick frozen) form 
and packaged in institutional sizes for remanufacture 
into pies and other products, the principal effort in 
the experiments reported in this paper Was devotet to 
this type of product and size of package. This paper 
vives results on moisture, ascorbie acid, color, and 
flavor changes in both [Qk and sirup-packed frozen 
bovsenberries held at temperatures from 0° to 30° F 


MATERIALS AND METHODS 


The berries used were all representative commercial packs 
obtained from freezing plants in California and Oregon during 
the 1955 and 1956 seasons, There were 8 lots of IQe and 3 of 
sirup- packed berries, each lot consisting of 120 to 140 Ib of 
berries, The IQF berries were frozen in field erates in’ air 
blast freezers at -20° to 30° FB, and then separated by placing 
the frozen blocks between rollers. The separated fruit) was 
inspected and sorted prior to loose packaging in 2Olb eard 
board cartons, Berries for the retail packs were washed, sorted, 
inal packed in L202. composite cartons in the ratio of 3 parts 
berries to 1 part 506, suerose sirup. The packages were placed 


on Wire-mesh trays in single layers and frozen in an air blast 


at —20° F 

All samples were transported to the Laboratory under dry 
ice refrigeration and held at F until placed at experi 
mental temperatures of O°, 10°, 20°, and 30° FL At intervals 


sumples of both sirup packed and IQEF berries were removed 


from the experimental temperatures and cooled to the control 
temperature of 20° F 

Organoleptic evaluation. (olor and thivor changes were deter 
mined by the trimngle test ¢(/). Ten to 15 trained judges were 
used for both color and flavor measurements and each test was 


replicated 2 or 3 times, giving a total of 20 to 30 judgments. 
Six packages of sirup packed berries ond enough IQF fruit to 
make four in pies were used for each color and flavor eom 
parison, Samples from the experimental temperatures were 
judged against 20°F controls. Comparisons involving IQF 
berries were made on pie filling whieh was prepared as follows: 
Berries were partially thawed in a glass mixing bowl in the 
draft of an eleetrie fan for 30 min, A dry blended mixture 
consisting of ISO g sugar, 23 g of pre-gelatinized starch, and 
1.5 g of salt was added to 650 g of partially defrosted berries 
and the ingredients were gently stirred by hand until uni 
formly blended. The filling was then placed in a in aluminum 
pie pan and baked in a gas-fired reel oven for 30 min at 400° F. 
The crusis were made with unbleached pastry flour using 60°% 
lard, 24¢% water, and 1.7% salt (based on weight of the flour). 
After baking, the pies were allowed to eool at room tempera 
ture for 2 hr before removing the top crust and proportioning 
the baked filling for color and flavor evaluation. 
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Objective measurements. Oxidized ascorbie acid DHA 
DIXA) was determined by proeedures deseribed in a previous 
publication (6). For IQF berries, the determinations were 
made on a composite sample taken from two 20-Ib boxes and, 
for siruped berries, on a composite of 4 individual packages 
Which had been thawed 2 hr at 70° F io the draft of an electric 
fun, Color distribution between berries and sirup was deter 
mined on thawed berries drained on an S-mesh stainless-stee! 
sereen for 2 minutes. The transmittaney of a water extract 
from the drained berries and of diluted drained sirup Wits 
determined at 515 mme. The proceedure was essentially the 
sume as that deseribed for raspberries (7). 

Color of the baked pie filling prepared from [QF berries was 
determined on a Gardner Automatic Color-Difference Meter 
The instrument was standardized with a red tile having the 
244,a-— 15.7, bn 


Moisture loss in the IQF fruit was determined by periodi 


following values: L —> 4.3. 


cally weighing the boxes held at various temperatures. 


RESULTS AND DISCUSSION 


Table 1 shows the range of high-quality life’’ (8) 
for [QE and siruped boysenberries. Since panel mem 


TABLE 1 


Effect of temperature on high-quality life of IQF and siruped 
boysenberries as determined by trained taste panels * 


Range in days 


Tomperature Flavor Color 

berries 

450 270-360 

100-150 

20 40-50 

10... 12-16 1-20) 
Siruped berries 

o-750 

140-180 140-180 

28—42 14-28 

1-7 10-16 


' High-quality life is defined as the time elapsed before a change 
flavor or color is detectable by 6567 of the judges 


bers were highly trained and gave reproducible re 
sults for a given treatment, the ranges shown in Table 
1 can be ascribed largely to differences in’ product 
characteristics inherent in the different lots. These 
differences include varying maturity level, seasonal 
or climatic effects, cultural and harvesting practices, 
processing variables, and many others. It should be 
emphasized that the ranges given are based on only 
2 seasons and a limited number of lots. Consequently, 
it is possible that high-quality life of some commer 
cial samples may be shorter or longer than indicated. 
Nevertheless, the data clearly show the importance of 
temperature, and this approximate temperature effect 
would apply to samples outside the ranges given as 
well as to those within. 

Figure 1 indicates an essentially exponential rela 
tion between rate of flavor change and temperature. 
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TIME-TEMPERATURE TOLERANCE OF FROZEN FOODS, XX 


This function of temperature is in agreement with 
results obtained on peaches, strawberries, and rasp- 
berries ‘2. 3, 43: However, siruped boysenberries are 
somewhat more stable than raspberries and consider 
ably more so than strawberries and peaches. 

Because of original variability in color of IQF ber 
ries and additional variables introduced during prepa 
ration for, and baking in, pies, no consistent trends 
attributable to time or temperature were observed in 
color as measured by Gardner meter readings of the 
baked pie filling 


n Siwuped Berries 
@ Rate of DHA + DKA increase, mg /IO0g May 
9 Rate Constant k, for color diffusion 
| Reciprocal of mean days of high quality life 
n Siruped Berries 
° r 2F Berries 


Rate 


Temperature °F. 


Figure 1. Relationship between rate of flavor, color, and 
oxidized ascorbic acid changes and temperature. 


With siruped berries, however, a relationship be 
tween diffusion of color from berries to sirup and 
temperature history was established. The color dif 
fusion data were plotted on semilogarithmie paper 
and are shown in Figure 2. The expression (R + 1)/ 
R — 1.4) comes from an equation which was derived 
for the color diffusion process in raspberries (7). The 
equilibrium color ratio of 1.4 is not a rigorous value 
because of the limited number of samples on which if 
is based. However, the straight lines obtained with 
this equilibrium color ratio indieate that color dif 
fusion in boysenberries follows a first-order process 
just as it does in raspberries and hence affords a 
means of determining ‘‘equivalent temperature his 
tory.’’ As explained in the paper on raspberries (7), 
the rate constant and color ratio permit calculation of 
equivalent exposure time to some chosen steady refer 
ence temperature. 

Ascorbie acid changes were expressed as increase in 
dehydroascorbie acid and diketogulonie acid (DITA 
+ DKA) with time (Figure 3). As for strawberries 
in composite cartons (3, 6), total ascorbie acid (ASA 

DHA + DKA) remained constant throughout the 
study and ranged from 18 to 21 mg/100 ¢ in both 
siruped and IQF berries. Initial DHA + DKA ranged 
from 2 to 3 mg/100 g in IQF berries and 5 to 6 mg 
100 ¢ in the siruped product. The time required for 
10 to 12 mg/100 g of DITA + DKA to accumulate in 


k=0.009 
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Figure 2. Color diffusion in siruped boysenberries. Relation- 
R+1 
ship among the parameters in the equation In anor k(t + a) 
1.4 


where R color ratio (fruit/sirup), 1.4 equilibrium color 
ratio, k = rate constant, and a time at the various temperatures 
to equal prefreezing diffusion. 


either siruped or IQF berries corresponded to the 
approximate high quality life. This observation sug 
gested that measurement of DHA + DKA could be 
used as a guide for the assessment of relative flavor 
quality in frozen boysenberries. Rates of ascorbic 
acid oxidation in IQF berries were approximately 
twice as high as in siruped fruit at 10° to 20° F but 
at 30° F the difference was much smaller. These re- 
sults are probably due to the fact that most of the 
sirup at the lower temperatures was still frozen and 
hence exerted its maximum effect in preventing 
oxidation of the berries. 

For siruped berries, rate of ascorbie acid oxidation, 
color diffusion, and flavor change plotted against tem 
perature on semilogarithmic paper all yield straight 
lines which are essentially parallel (Figure 1). Caleu 
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Figure 3. Effect of time and temperature on ascorbic acid 
oxidation in IQF and siruped boysenberries. 
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lated energies of activation in the 10) to 30°F range 
were of the order of magnitude of 41.3, 42.0, and 
13.6 keal for flavor change, color diffusion, and ascor 
bie acid oxidation, respectively. Thus, it appears that 
the temperature coeffierents for all three measure 
ments are very similar 

Moisture loss in loosely packed berries in slip 
cover cardboard eartons is shown in Figure 4. At 0 


4 5 
Time in Weeks 
Figure 4. Effect of time and temperature on moisture loss 
from IQF boysenberries packed in 20-lb cartons. 


to weight loss in the boxes was linear 
with time. At 30°F, the rate of moisture loss was 
considerably greater than at 20°F but was compli- 
cated by loss of juice due to partial thawing as well 
as moisture evaporation. About 1.2 to 1.6 Ib of mois 
ture, representing 6 to SO. of the package contents, 
was lost during high quality life of the berries at 0 
to 10°F, to of the berry weight was lost 
as moisture during the high quality life at 20° F. 
Therefore, it appears that weight loss during high 
quality life at relatively high temperatures is minor 
in comparison to that which occurs at lower tempera- 
tures, because deteriorative changes color and 
flavor oceur much more rapidly at the higher tem- 
perature. The principal appearance changes due to 
desiccation were evident the top layers. Subsur 
face berries appeared to be normal in size and shape 
The badly desiccated berries had a more pronounced 
off flavor but, due to the low ratio of desiccated to 
normal berries, overall flavor of a given pie filling 
was not greatly affected. This is also indicated by the 
fact that approximately the same degree of flavor 
change was obtained in samples with moisture losses 
of 2 to 3 and 6 to 88°C. Nevertheless, from the stand- 
point of actual weight loss and appearance of frozen 


berries, would) seem desirable to employ a more 
protective packaging for [QE boysenberries. 


SUMMARY 


Stability of siruped boysenberries in retail packages 
was very good in the temperature range of O- to 
+10° F, but IQk boysenberries loosely packed in 
cardboard cartons were somewhat less stable at the 
same temperatures. At 20> to 30°F the apparent 
stability was in favor of the IQF fruit. Color diffu 
sion from berries to sirup provides a means of esti 
mating temperature history in the retail packs. Time 
required for accumulation of 10 to 12 mg/100 ¢ of 
oxidized ascorbie acid (DITA + DIKA) corresponded 
to the approximate high-quality life Cas determined 
by panel measurements) of both siruped and IQk 
berries held at temperatures of 10° to 30° FL Moisture 
loss in IQE berries detracted from appearance of the 
top lavers of fruit and reduced the package net 
weight by 6 to 8% during the high-quality life of 
samples held at O°) to 10°F. At 20° F, definite qual 
ity changes occurred when only 2 to 3° weight loss 
was recorded, 
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Morton ‘999’ Salt is one ingredient 
that never varies in quality 


Quality-conscious food processors, canners and packers from 
coast to coast are using Morton ‘999’ Salt because it is the 
one ingredient you can always depend on for unvarying high 
quality. In fact, the constant quality of ‘999’ Salt has become 
the standard of the food industry. With Morton ‘999’ Salt you 
insure a cleaner, more uniform flavor in all of your processed 
foods. 

Morton ‘999’ is an economical premium-grade salt entirely 
free from bitter calcium and magnesium compounds that 
can distort flavor and downgrade product. Morton ‘999’ is 
always 99.9% clean, pure sodium chloride, exceptionally low 
in the trace metals copper and iron. 

‘999’ is available everywhere—accept no substitute. Morton 
‘999’ is the highest purity salt commercially avaiiable any- 
where in the United States. ‘999" quality never varies from 
shipment to shipment, whether you buy it in bulk for direct 
salting, or in tablets made to your own specifications—either 
straight or blended with other flavoring agents. Send for 
complete information today! 


Please send me more information about Morton ‘999’ Salt 


Title___ 
Company 


Address_ 


City __Zone State 
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IN PRODUCTION QUANTITIES. A new centrifugal 


force Liquid-Solids blender has evolved from P-K’s ex- 
clusive “Twin-Shell” design. It blends never-before- 
practical combinations of liquids and solids! It reduces 
conventional blending operations to a single step! 

For new combinations of liquids and solids, this amaz- 
ing blender offers untold advantages. Applicatioris are 
limited only by imagination. They range from chemical 
reactions to coating very light solids such as cork, to 
producing all types of controlled granulations from fine 
to coarse. 

In conventional applications, the one-step P-K Liquid- 
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BLENDING 


Solids blender often eliminates two and three separate 
stages of blending, pulverizing and screening. It replaces 
a multiplicity of equipment. It reduces equipment invest- 
ment and materials handling costs. 

P-K Liquid-Solids units blend up to 40% liquids by 
weight. Blending requires minutes, not hours. It involves 
four simple actions: 1) Dry Solids are charged to about 
65% of shell volume. 2) Solids are tumbled and aerated to 
break up agglomerates. 3) Atomized liquid is dispersed 
through patented centrifugal force spray discs. 4) Prod- 
uct is discharged from the bottom of the blender. 

All surfaces of the blender are freely accessible. The 
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Liquid-Feed bar is easily removed. These features speed 
cleaning and safeguard against contamination. Sizes 
range from laboratory models to 50 cu. ft. capacity. 


FREE PRE-TEST OFFER. You can preview blending 


economies at our Laboratory. Pre-testing predicts savings 
in processing and handling and realistically demonstrates 


the unique performance of this blender 

Our pre-test facilities for blenders — and also for P-K 
Vacuum Tumble Dryers — are at your disposal. Send or 
bring your test materials. For complete information call 
(Stroudsburg — Hamilton 1-7500) or write George 
Sweitzer at our East Stroudsburg Headquarters, 1609 
Hanson Street. 1s 


Patterson Kelle» 


Chemical and Process Equipment Division, East Stroudsburg, Pennsylvania 
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Grape Juice Processor finds 


NEW WAYS CUT COSTS 


... thanks to 


TYGON Food and 


Beverage Hose 


Glass-clear, flexible, non-toxic Tygon Food and 
Beverage Hose (Formulation B44-3) has re- 
duced costs for canners, packers and bottlers 
of all sizes. In addition to conventional appli- 
cations, The A. F. Murch Company, Paw Paw, 
Michigan, processor of grape juice concentrate, 
has used Tygon’s unique combination of ad- 
vantages in unusual ways to get even greater 
savings. 


For example, alert Murch production men took 
advantage of Tygon’s flexibility and ease of 
coupling to put wheeled platforms under the 
positive pumps used to transfer juice between 
process equipment and storage tanks. Now, 
with Tygon Food and Beverage Hose on both 


Why not investigate the advantages of using Tygon in your plant? 


Write today for free illustrated 28-page Bulletin T-100. 


Close-up of positive pump in 
main illustration shows flexi- 
bility of Tygon hose, facilitating 
fast, easy set-ups with o mini- 
mum of fittings. 


vacuum and discharge sides of the pumps, 
change-over is a quick and easy process of un- 
coupling Tygon lines, rolling the pump a short 
distance and re-coupling Tygon to the proper 
fittings. Time required? Much less than with 
rigid pipe. Added benefits: fewer pumps needed, 
and visual inspection and control of flow af- 
forded by Tygon’s clarity. 


Wherever liquid or semi-liquid foods or bever- 
ages are transmitted, chances are that Tygon 
Food and Beverage Hose, Formulation B44-3*, 
can handle the job more conveniently and at 
lower cost. 


*For processed milk and milk products use Formulation B 44-4. 
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Composition of Cherry Seed and Cherry 


Seed Oil (Prunus cerasus) 


Manuscript received September 22, 1959 


Tue PROCESSING OF CHERRIES re 
sults in the disposal of very large quantities of cherry 
seeds. In Wisconsin and Michigan, the total cherry 
production averages 120 million pounds annually (6, 
13). The seeds are not used to provide income to the 
canners or growers. The kernels from cherry pits 
have been reported to contain an oil resembling that 
of almond (15). The amount of oil in the kernel ranges 
from about 30 to 380 of the dry kernel weight (71, 
12, 17). The weight of the kernel represents 28° of 
the total cherry pit weight (79). The moist cherry pit 
accounts for about 10 of the total cherry weight 
(5). The weight of the moist cherry pit is about twice 
the weight of the dried cherry pit. From these data, 
it has been estimated the amount of cherry kernel oil 
potentially available Wisconsin and Michigan. is 
100,000 gallons 

Rabak (15) made a study of the utilization of 
cherry by-products, including cherry pits im 
ported cherries, and from cherries grown this 
country. Others have determined some of the ‘fat 
constants’ of cherry kernel oil (7, 2, 11, 12, 14, 17) 
In the past there has been disagreement about the 
keeping quality of cherry kernel oil (2, 17). More 
data are therefore needed in order to determine the 
usefulness and potential of cherry kernel oil and 
cherry kernel meal. With this in mind, the composi 
tion of cherry seed was determined and the more 
useful ‘fat constants’ of cherry kernel oil measured 


EXPERIMENTAL METHOD 


1, Preparation of cherry seeds and cherry kernel oil. (herr) 
seeds were colleeted direetly from the cherry pitting machines 
it the Fruit Growers Co-operative, Sturgeon Bay, Wisconsin 
The drained seeds were frozen in burlap bags and stored at 

10° F until used. 

After thawing and air drying at room temperature, th 
cherry seeds were cracked in a Fitzpatrick comminuting ma 
chine; uneracked seeds were sereened and reeyeled. The kernels 
were separated from the eracked hulls by floating them in a 
20°, sodium chloride solution. After washing the kernels 
thoroughly, they were air dried and stored at 45° F. The 
process is illustrated in Figure 1. 

The cherry kernels were ground to about 25-mesh size and 
the oil extraeted by use of Skelly solvent B in a Soxlet extrac 
tion apparatus. Four pounds of cherry kernels could be 
processed in the extractor. The crude oil was stored at 10° F 
until refined. The refining process for the crude oil is illus 
trated in Figure 2. The refined oil (refined in) 100) gram 


quantities) was stored at —10° F under nitrogen. 
Methods of analysis and results. The composition of cherry 
seeds given in Tables 1 and 2 was determined according to the 


methods of the Association of Official Agricultural Chemists 
The oil content, however, was determined with a Soxlet extrac 
tion apparatus, The ‘fat constants’ of cherry kernel oil pre 
sented in Table 3 were determined aeeording to the methods of 


K. G. Weckel and H. D. Lee 


Department of Dairy & Food Indus 
tries, University of Wisconsin, 
Madison 
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Figure 1. Preparation of cherry kernel oil from cherry seeds. 
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the Association of Official Agricultural Chemists. The com 
position of the unsaturated acids present in cherry kernel oil 
was enleulated from the percentage saturated acid, the thio 
evanogen number and the iodine number The data are 
presented in Table 4. The presence of oleie acid was confirmed 
by an elaidin test. The presence of linoleic acid was confirmed 
by the formation of tetrabromostearie acid from the unsatu 
rated acid fractior Ultraviolet spectra technique was also 
used to detect the presence of linolei and linolenie acids, 

Jamieson (11) reported that the cherry kernel is 28% of 
the whole seed and that the oil content in the kernel was from 
32 to 40%. The results reported in Table 2 agree with these 
data very well. In Table 3 is presented a comparison of the 
composition of soybeans, almonds and cherry kernels as 
examined in this study 

The total nitrogen content (protein) of cherry kernels com 
pares favorably with that of almonds and soybeans. Soybean 
ind other meals have been used as a feed for poultry, swine 
and eattle ). The high protein content of cherry kernel there 
fore gives it potential as a feed 

The results of the analysis of cherry kernel oil are presented 
in Table 4. A coniparison of these data is made (Table 5) 


with that of other investigators. The data reported by Jamic 
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TABLE 1 


- Composition of cherry seeds 
ACID NEUTRALIZE }——+ WATER PHASE, FOOTS 


Wet basis! Dry basis 


Moisture 12.0 
Crude oil 
Crude protein (N x 6.25) 
Ash 
FILTER CHARCOAL, FOOTS Starch 


Sugar invert)... 
Per cent of the whole seed 


ODORIFEROUS 
DEODORIZE COMPOUNDS TABLE 2 


Composition of cherry kernels and hulls 
EXTRACT Kernels Hulls Seeds | Basis 


(%) 


Moisture ease ease 42.0 As received 
WATER PHASE Kernels | cose ee 27.0 Moisture free 
Hulls one sunt 73.0 Moisture free 
Crude oil 10.4 Moisture free 
Crude protein 
(Nx 6.25) . ¢ i f Moisture and fat free 
FILTER SOLIOS Anh Moisture and fat free 
Starch ; Moisture and fat free 


Sugar (invert) ; Moisture and fat free 


FREEZE ' 
TABLE 3 


Comparison and composition of cherry kernels, 
| ANALYSIS soybeans, and almonds 


Figure 2. Refining of cherry kernel oil. | aera J Soybeans? Almonds? 


(rude oil H 56.6 Moisture free 
son (71) were based on an inalysis of refined eherry kernel oil Crude protein : 53.2 5.2°¢ Moisture and fat free 
Ash Moisture and fat fre 
Total carbohydrates Moisture and fat free 
derived from eherry kernel oil prepared in this study. This Fiber if Moisture and fat free 


The data reported by Stein (78) and by Eiehenberger (9) were 


oil was extracted from pits obtained the year previously and Altschul. 

stored at 45° FP. The major diserepancies in the data are in Reported as sucrose. 

the iodine nutibers, in per cent acids, Differenees in the 
methods used for the determination of the iodine number and 


TABLE 4 
Characteristics of cherry kernel oil 


in the time when the analyses were made eould account for the 


different values reported 
In Table 6 is presented a comparison of analyses of the Expressed Solvent extraction 

in eherry kernel oil, The linolenie acid found this Specific gravity O.916(25 

study and reported in Table 6 was only presumed to be in a Refractive index 

Free fatty acid 

number 

Peroxide value tectable 

stituent of cherry kernel oil, In Figure is shown typient! Saponificeation number 

Soluble acids 

Insoluble acids (Hehner No.) 

ippearanee of a peak at 234 mme indientes diene conjugation Unsaponifiable matter 


quantity less than 3°, The presence of elaeostearie acid (an 


isomer oof linolenie seid was established as a natural eon 


ultraviolet: speetrum of isomerized eherry kernel oil, The 


lodine number 
poaks at 260, 270 and 280 mime indicating the possible presence Saturated acids 


henee the pPresetice of linoleie (70), There are also 


of linolenie seid as a natural constituent In Figure 4 is shown Unsaturated acids 


TABLE 5 


Composition of cherry kernel oil as reported by different investigators 


This study Jamieson? Kichenberger Stein Wells® 


Specific gravity (25/25 918(25/25" ) 
Refractive index 4740 (20° C) 
Acid value 

Free fatty acid 

Peroxide value 

Saponification number 

Neutralization equivalent 

Soluble acids 

Insoluble acids 

Reichert Meiss! value 5 


Polenske value 2 


Unsaponifiable matter 5% 
lodine number 1.3 5.8 (Hanus) 108.6 (Wiis) 
Thioeyanogen number 

Saturated acids 7 

Unsaturated acids 87 


' Solvent extracted id refined Refined * Values are reported on the fatty acids of the ‘Ol basis 


ou — 5 
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10.4 
7.6 
0.6 
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86.4% 
1.33 
0.66 0.66 
0.82 
187 187 
281.7 
1.3% 4 
112.2 
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CHERRY SEED 


TABLE 6 


Composition of fatty acids in cherry kernel oil 


Gas 
This study Stein Wells chroma 
tography 


Saturated acids... TAX 28.4% 16.4% 10.1% 
Unsaturated acids 86.4% 67.2% 83.6% % 
Palmitic acid... 7.7% 
Stearic acid 2.4% 
Oleic acid HO RG 21% 15.6% 5.3% 
Linoleic acid... 1.6% 17.8% 14.5% 
Linolenic acid 2.5% Trace 
(\rachidonic acid. 

Elaeostearic acid Present 


Reported as % fatty acids on a fatty acid basis 
* Reported as % methyl ester on a methyl ester basis Analysi 
made by Wilkens Instrument & Research, Inc 
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Figure 3. Ultraviolet spectrum of isomerized cherry kernel oil. 


the ultraviolet speetrum of un-isomerized cherry kernel oil 
The peaks at 260, 270 and 280 mme indicate the presence of 
elneostearic acid. The elaeostearie acid could have resulted 
from the isomerization of linolenic acid during storage and 
by exposure to light (16). The ultraviolet speetrum of oil 
which was extracted from cherry pit in the frozen state indi 
cates the presence of elaeostearie acid (Figure 5). Beeause of 
the absence of peaks at 310 mme in the ultraviolet speetra, 
irachidonie acid was presumed to be absent. Stein reported 
the presence of arachidonie acid in the sample submitted to 
him (78). Wells reported the presenee of linolenie acid but 


made no mention of elaeostearie acid (20). Gas chromato 


graphie analysis of a sample of cherry kernel oil prepared in 
this study indicated presence of trace amounts of linolenic 


acid (7) 


COMPARISON WITH OTHER OILS 


In Table 7 is presented a comparison of the com 
position of cherry kernel oil with other oils closely 
resembling that of cherry kernel oil. In general, 
cherry kernel oil is somewhat like corn oil and peanut 
oil. 

SUMMARY 


The composition of cherry seeds and of cherry 
kernel oil was determined. 


AND CHERRY OIL 
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Figure 4. Ultraviolet spectrum of un-isomerized cherry kernel oil. 
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Figure 5. Ultraviolet spectrum of cherry kernel oil extracted 
from kernels in the frozen state. 


Cherry kernels have a fairly high protein and oil 
content which may have potential in animal and food 
mixtures. The composition of cherry kernel oil re- 
sembles that of almond oil and is quite similar to that 
of corn oil, peanut oil and sesame seed oil. 

Elaeostearic acid was shown to be present in cherry 
kernel oil. The presence of elaeostearic acid may be 
the cause of accelerated development of oxidative 


rancidits observed in the oil 
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TABLE 7 


Composition of cherry kernel oil and other oils 


Cherry kernel \imond Corn Peanut Poppyseed Sesame seed Sunflower seed 
oil oi oil oil 

lodine number 132-142 104-116 139 
Saponification number 5-102 196 
Myristic 
Valmiti 
Steart 
Arachidic 
Lignoceri« 
Olen 
Linolei 
ie 

Jamie 
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Flor Sherry Production by 
Submerged Culture 


(Manuscript received September 19, 1959 


Tus CONVENTIONAL METHOD Of flor 
sherry production, growing a film of flor yeast on the 
wine surface under aerobie conditions, requires five 
years or more for a desirable flor character to develop. 
Various trials with larger surface-to-volume ratios 
have had such slight success that there has been little 
change in winery techniques. 

The flor character has not been chemically analyzed, 
but experienced tasters recognize the odor without 
difficulty. Aldehyde formation during fermentation, 
having some correlation with the intensity of the flor 
character, is a criterion for chemical measure of the 
Hor flavor—a crude system at best. A more specific 
method of analysis is needed. 

The main pathway of production of acetaldehyde is 
by the action on alcohol of alcohol dehydrogenase 
(ADH) and coenzyme I (DPN) to give the aldehyde 
and reduced coenzyme I. Equations (1, 2) show the 
relationships. 

[ADH] (1) 
Ethyl aleohol + DPN —=— Acetaldehyde + DPNH» 


[O] 
DPNH, —> DPN + 2H 2) 


Fornachon (8), using several yeasts other than 
Saccharomyces beticus, showed that this reaction takes 
place in aerobie fermentations. 

Crowther and Truscott (5, 6) recently reported 
that flor-like wines could be produced by pumping 
over wines inoculated with flor yeast. They obtained 
relatively low aldehyde yields, probably because 
oxygen was insufficient to cause the reactions to pro 
ceed farther in the formation of aldehyde from 
alcohol. Their experiments were carried out at atmos 
pheric pressure. 

Modern methods of submerged culture techniques 
have been applied by Amerine (3) and Ough and 
Amerine (9) to growing flor yeast, Saccharomyces 
beticus, and rapidly producing aldehydes and _ flor 
character in wine. Recommended air pressure, pH 
of media, and rate of media transfer and renewal 
have been determined. preliminary taste 
studies show that aging in oak cooperage and the addi- 
tion of some sugar are necessary to a superior taste 
in the finished product. 

The present studies were conducted to define more 
clearly such conditions of production as aeration, 
aleoholie content of the medium, and the effects on the 
yeast population of initially starting an aldehyde fer 
mentation. In addition, a eritical taste study was 
made to compare flor sherries aged in glass for one 
year and in small oak cooperage for nine months and 
for one year. 


C. §. Ough and M. A. Amerine 


Department of Viticulture and Enology, 
University of California, Davis, 
California 


EXPERIMENTAL 


Equipment. The equipment used was discussed by Amerine 
(1) in detail. Figure 1 shows a schematic drawing on one of 
the fermenters and the pertinent equipment. It is a jacketed, 
baffled, stainless-steel tank with an operational capacity of 96 
liters and a head space volume of 83 liters. Temperature ean 
be controlled within +0.1° C over a range of 9° C to 100° C by 
cireulating heated or cooled water through the jacket. <A 
variable-speed drive, atop the tank, operates either propeller or 
flat paddles over the respective ranges of 182-396 rpm and 
170-300 rpm. The medium can be pumped-over and sprayed 
through the headspace by a variable-speed pump at rates of 
2.8 to 4.4 gal per minute. Gas can be sparged through an open 
*S-in tube with orifice below the stirring blades and between 
their sweep and the wall of the tank. Pressure on the tank is 
maintained by an air regulator that controls within +0.5 psig 
over a range of 0-100 psig. 

Media. The medium for the fermentations was wine made at 
the enology laboratory from grapes grown at the University 
of California vineyards at Davis. The wine used in the 1959 
expernnents, from a single lot of Palomino grapes, was ad 
justed to a lower pH with sulfuric and tartarie acids. Wines 
for the 1958 experiments were made from various types of 
grapes, without adjustment of pH. 

Fermentation conditions. The conditions maintained during 
the 1959 experiments included 15 psig air pressure, with about 
0.1 liter per minute air through-put, and either stirring 15 
min per hour with flat paddles at 297 rpm or continuous pump 
ing-over at a rate of 3.4 gal per min, In both years the tank 
fermentation temperature was 65° F. Conditions for all the 
1958 experiments were 15 psig air pressure, 0.1 liter per min 
air through-put, and stirring 15 min per hr with flat paddles 
at 297 rpm except in one series, in which variable pressures 
were tested. 

Yeast culture. Culture build-up of Saccharomyces beticus 
was accomplished by anaerobic fermentations of the yeast 
under statie conditions at 75° F in sterile grape juice diluted 
to 10% sugar. When the fermentative action of the culture 
had ceased, a 5% inoculum containing 50 to 75 x 10° eells per 


ml was added to the medium 
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Figure 1. Schematic diagram of controlled fermentation unit. 
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Analyses. Chemical analyses were made by the methods of 
Amerine (2). Standard procedures were used in determining 
correlation coeflicents and analyses of variance, and Dunean’s 
(7) multiple range test in determining signifieant differences 
in the means, 

Aging and tasting. The effeets on quality of aging in oak 
cooperage were tested by aging the flor sherries made in 1958 
in Segal oak barrels and comparing the produet with the same 
sherry aged in glass. In addition, samples from the barrels 
were drawn off at 9 months and bottled to be compared with 
samples aged in wood for 1 year and with samples stored in 
bottles for 1 year. Six experienced tasters seored these three 
sherries for quality on a 2O0-point seale. Twenty-four aged 
sherries were thus tasted. 

Oxygen uptake studies. Rate of oxygen uptake in the fer 
menters was determined by the method of Cooper et al (4). 
Briefly, 25 gal of was added to the fermentation 
tank with enough copper to eatalyze the reaction. The method 
required that a sample be drawn from the fermenter, before 
and after euch run, and exeess iodine added to the sample to 
combine with the SO and back titrated with NaS.Os, the 
change in SO” concentration being proportional to the oxygen 
dissolved. Such measurements were made at atmospheric pres 
sure, with stirring at relatively high air flows, and in one 
instance at inereased pressure. The same method was used in 
determining the oxygen absorbed during the spraying of 
liquid through the headspace at various rates with no air flow 
and 15 psig pressure of air. 


RESULTS AND DISCUSSION 


Available oxygen. The ability of an aerobic fermen 
tation tank to make oxygen available to miecro- 
organisms must be defined. Extensive studies in this 
field point out very clearly that many variables affect 
available oxygen: (a) shape of tank, (b) depth of 
liquid, (¢) type of sparger, (d) air velocity, (e) the 
solubility of oxygen in the medium, (f) type of agi- 
tation, (g) physieal properties of the medium, and 
(hi) the air pressure used. These variables have been 
summarized and discussed by Steel (72). 

Determinations on the fermenter with the various 
pressures, paddles, and air flow rates showed ( Figure 
2) the flat paddles to be more efficient than the pro- 
peller paddles. Also, as reported by Phillips and 
Johnson (70), increasing air pressure with stirring 
and sparging inerease oxygen absorption propor- 
tionally to the first power of the partial pressure of 
the oxygen. Extrapolation from the data obtaine.l 
show that absorption of the available oxygen will 
closely approach 100° if air flow rate is decreased to 
O.1 liter per minute at 15 psig pressure, with stirring 


Propeller Paddies (| Atmos) 
* Flat Paddles (| Atmos) 
o—— ——e Fiat Paddles (2 Atmos) 
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40 50 60 70 60 100 120 
AIR FLOWS (LITERS/MIN) 
Figure 2. Rates of oxygen uptake under various paddles, 
paddle speeds, pressures, and gas flows for controlled fermenta- 
tion equipment. Sulfite method used for evaluation. 


at 297 rpm. Spraying the sulfite solution through the 
headspace at varying rates showed that oxygen ab- 
sorption was directly proportional to the amount of 
solution sprayed per unit time and, in the range 
covered, approximately proportional to the first power 
of the spray rate (Figure 3). Though spraying is not 
as effective as stirring, fermenters using this spraying 
technique for fermentations with low oxygen demands 
are cheaper to construct and to operate. 

Solomons and Perkins (/7) showed that the effi 
ciency of oxygen absorption declines as the use of 
available oxygen approaches 100°. Though this fact 
is generally important in aerobic fermentations with 
high oxygen demands, through-put flows of air in 
this work had to be kept low to avoid the removal of 
desirable volatile constituents. 


PER LITER PER MINUTE 
c 


n 


ILLIMOLES OF OXYGEN ABSORBE 


4 —- 


25 30 35 45 
PUMP-OVER RATE (gations per minute) 

Figure 3. Relationship of pump-over rate to millimoles of 
oxygen absorbed under 15 psig air pressure and pump-over liquid 
sprayed through headspace. Sulfite method used for evaluation. 


Flor sherry fermentations, So that the alcoho! con. 
tent of the medium could be more clearly related to 
the resulting aldehyde concentration produced by the 
fermentation, ten experiments were carried out at 
various alcohol levels. The fermentations, all with 
the same medium and at the same conditions, were 
fermented until aldehyde concentration reached a 
maximum and remained constant for several days. 
In the range covered, the aleohol concentration of the 
medium showed a correlation coefficient of --O0.788 to 
the aldehyde concentration of the final product, sig- 
nificant at the 1% level (Figure 4). In previous 
work (9) an aleohol concentration below 15.0% by 
volume has been recommended. The soundness of this 
recommendation is substantiated by these results. 

A second experiment was conducted to determine if 
pumping-over was as satisfactory as stirring as a 
method of aeration. Differences in rates of aldehyde 
production were slight (Figure 5). Yeast cell counts 
made during the two fermentations (Table 1) indi- 
cate a much greater production of yeast cells in the 
stirred than in the pumped-over fermentation. More 
yeast cells were available for aldehyde formation in 
the stirred sample, but there was no significant differ- 
ence in aldehyde production between the two methods 
of aeration. These data indicate that pumping-over 
is a satisfactory method of aeration for this process. 
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FLOR SHERRY PRODUCTION BY SUBMERGED CULTURE 


TABLE 1 


Effects of stirring versus pumping-over on yea:t cell count in aldehyde fermentation 


Dead cells 
Per cent 


Viable budding cells 
Per cent 


Viable yeast count? 
x 108 cells/ml 


Total yeast count? 
x 10% cells/ml 


Pumped Stirred Pumped Stirred Pumped Stirred Pump 


Stirred® 
1 over? over over over 


' Total yeast count obtained by dilution and counting in hemocytometer. 
2 Viable yeast count obtained by staining with methylene blue and counting in hemocytometer 


* Stirred 15 min/hr under 15 psig air pressure 
‘Pumped-over continuously under 15 psig air pressure 


Line of Regression Y= 15,550-991X 
Correlation Coefficient f= —0.788 
af-8 
1: 3.61" 


MUM ALDEHYDES PRODUCED (mg/i) 


MAX 


ALCOHOL CONCENTRATION (% by volume) 
Figure 4. Relationship of alcohol concentration in the medium 
to the maximum aldehyde concentration produced. Correlation co- 
efficient calculated by method of least squares. Calculation by 
“Student’s t” shows correlation coefficient to be highly significant. 


They further indicate that the amount of viable yeast 
cells present at these concentrations is not a limiting 
factor for aldehyde formation. 

Several methods are available for starting these 
aerobic fermentations: (1) add an active film culture 
to dry wine; (2) start fermentation with grape juice 
and, after fermentation is complete, allow veast to 


STIRRED 


PUMPED-OVER 


20 
DAYS 


Figure 5. Rates of aldehyde production by two methods of 
aeration—pumping-over, and stirring. 15 psig air pressure. 
Stirred 15 min/hr at 297 RPM. Pumped-over at 3.4 gallons/min 
continuously. Temperature maintained at 65° F, 


go into the aerobic state, and (3) add an active an- 
aerobic culture to dry wine. Methods 2 and 3 are 
essentially the same since both require time for the 
veasts to acclimatize themselves to the aerobic state. 
Method 1 gives faster results because the yeast in the 
film stage is growing aerobically. Actually, if the 
methods are all started from a slant at the same time, 
they should reach the aerobic stage in the final medium 
at the same time. Method 1 has the advantage of not 
tying up the fermentation tank for a long initial 
anaerobic fermentation and acclimatization period. 

To determine whether the initial slow change from 
anaerobic to aerobic fermentation was truly aeclima- 
tization or the development of a mutant strain of 
yeast present in small amounts, viable yeast cell count 
was followed during the change in one of the fermen- 
tations freshly inoculated as described by method 3. 
The results (Table 2) indicate that the change is 
acclimatization. The viable yeast cell count remained 
reasonably constant after the dilution change expected 
on addition of the inoculum to the medium. If the 
viable cell count had shown a very large decrease and 
then increased at a logarithmic rate, the mutant yeast 
theory would have been the more acceptable. 

Effects of aging in oak cooperage versus glass. Most 
wine chemists and wine makers know that aging flor 
sherry in wood helps the product, though the reasons 
for this increase in quality are not fully understood. 

These experiments do not attempt to explain why 
aging in oak cooperage improves the flavor, but they 


TABLE 2 


Total and viable yeast cell counts on aldehyde fermentation 
started by addition of an anaerobic culture to dry wine 


Aldehydes Total yeast 
mg/liter cell K 108 


D Viable yeast 
cell? 108 


Culture? 


Culture 
and wine 


99 


108 6.0 


Viable yeast cell count made by dilution and plating 

Culture media sterile grape juice yeast was Saccharomyces 
heticus grown in inevbator at 25° C under static condit’ ons, 

Ratio of culture to wine was 1 to 20 gallons, 
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0.35 0,20 0.02 0.05 29 25 43 75 
0.65 0.15 O35 O10 70 50 
F 7 0.55 O.95 0.15 0.45 67 53 
3.00 0.70 2.05 0.40 71 7h | 43 
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definitely show that it does so. They also contribute 
some comparative data that may aid in future ex- 
planation of the causes of this improvement in quality. 

Table 3a shows analysis of variance for the tastings 
conducted. Sivnificance was found between wines, 
tasters, and treatments, with no significant interac- 
tious. To establish significant differences between the 


TABLE 3a 


Flor sherry aging experiment—analyses of variance 


Source of 
i m Tabular 
Variation Caleutated 
1% 
Muster 14 2.45 51 
Wine 4 1.70 ooy 
reatment ee 00 25.40* * 5.18 
Interactions 
Tasters 
Wine 75 1.36 151 
Tasters 
treatments “6.10 1.61 1s 
Wines 


various means of wines, tasters, and treatments, Dun- 
can’s multiple range test was applied. Of most  in- 
terest is the effect of the different storage treatments 
on the equality of the wines; this indieates (Table 3b) 
that storage in oak cooperage for 9 months or 1 year 
vives a higher quality than that of the same wine 
stored in glass for the same period. 

Table 4 shows some of the pertinent analytical and 
tasting data gathered from these experiments. Of 
note are the increases in extract and decreases in pH. 
Volatile acidity inereased in the oak-aged samples, 


but it is questionable whether this factor increased 
quality. The aldehydes, both total and free, decreased 
in general in the oak-aged samples. The ratios of total 
to free aldehydes, however, could be important. These 
ratios were found to range from 1.58 to 1.04, with a 
mean of 1.22, for both the glass- and the oak-storage 
experiments. Comparison of the pairs gave a mean 
difference of 0.08 and a standard deviation of 0.063 
for the mean difference, showing relatively smali 
Variations in the ratios. There is no apparent correla- 
tion between the difference of the mean scores and 
the differences in extract or pH with oak storage and 
glass storage for the twenty-four tests. It is of note, 
though, that the increase in total acid, decrease in pH, 
and increase in extraet occurred fairly consistently 
with aging in oak. The individual mean scores for the 
treatment of each wine (6 tastings) ineluded in Table 
fare not significantly different in most eases; how- 
ever, it should be remembered that the mean scores 
for the treatments of all the wines (144 tastings) do 
show significant differences between the mean scores 
for the glass-aged and the oak-aged wines, as has been 
shown. 
SUMMARY 

The fermentation equipment used was tested by the 
sulfite method to show its capabilities for maintaining 
aerobic conditions with two types of paddles, by 
pumping-over with spraying through the headspace, 
and with increased pressure. The data show that with 
flat paddles nearly 100% of the oxygen would be 
available to the yeast with an input of 0.1 liter 
air per minute under the fermentative conditions 
described. 

Data on the alcohol content of aldehyde fermenta- 
tions show that aleohol content should be kept below 


TABLE 3b 


Multiple range test:' comparisons of means 


Class tarrel Barrel 
Treatments ver (l year) (% months) 
Mean seore 12.0 14.25 14.40 
1% and 5% 
level 
Tasters = 5 
Mean seore 13.42 13.955 14.44 
level 
level 
Wines 21 2 
Mean score 12.04 13.16 13.22 
% level 
} 
1% level | = 
Wines Ceont.) 16 In 
Mean score 13.05 14.05 14.11 14.11 14.54 
level 


level 


! Duncans (7) multiple range test for significant differences in the means 
the level indicated, Means are arranged in order of their increasing values. 


14.49 

23 zo Iz 14 7 
13.34 1.50 13.72 13.83 13.83 13.88 13.95 
22 19 5 1 15 13 17 
14.45 14.55 14.60 14.65 14.77 14.87 15.05 


Means underscored by the same line have no significant difference at 
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FLOR SHERRY PRODUCTION BY SUBMERGED CULTURE 


TABLE 4 


Comparative analyses and mean taste scores of flor sherries aged in glass and in oak for one year 


Mean taste Total aldehyde Free aldehyde Alcohol 


score! mg/liter mg/liter % by volume 
Glass? | Wood® Cilass Wood Glass Wood Glass Wood 
1 13.83 141 174 111 158 17.4 16.5 
1 7 13.50 $42 312 256 272 16.8 16.8 
1: 5 14.67 277 257 196 221 16.8 15.1 
14.35 236 256 126 144 17.3 16.5 
13.17 16.33 4 360 230 228 17.0 16.8 
13.17 14.17 749 675 612 507 17.7 16.7 
13.33 15.00 455 411 415 371 17.6 18.5 
1 ) 14.50 BOS x77 745 755 17.0 16.9 
1 ) 14.67 650 517 555 455 16.1 17.3 
3 14.33 720 711 620 6382 17.1 17.5 
l 3 14.17 636 610 51 17.2 17.3 
13.33 14.33 751 785 17.3 16.3 
13.00 14.67 632 542 555 17.4 16.5 
12.33 14.50 666 636 606 17.4 17.1 
13.50 14.00 791 738 708 17.4 17.1 
12.83 15.00 636 85 577 17.7 17.2 
14.50 15.67 O71 900 764 17.0 16.8 
13.33 14.85 678 628 561 17.5 16.7 
13.67 14.67 643 572 S37 16.0 16.7 
12.67 14.50 595 595 75 17.0 15.4 
12.67 13.33 407 is Tada) 17.3 16.4 
13.17 15.17 649 68 490 16.8 16.4 
12.50 12.83 691 581 541 17.5 15.9 
12.00 10.17 910 770 700 16.3 16.1 


Average of six exerienced tasters, on a 1-20 point scale 
Stored in 's5-gal bottles with cap finish 
Stored in 5-gal oak barrels, filled at 2 month intervals 


15.0% by volume. Correlation between alcohol con- 
tent and the maximum produced 


—0.788, highly significant for the range studied. 


aldehydes was 

Comparison of stirred versus pumped-over alde- 
hyde fermentations show that the rate of aldehyde 
formation is about equal for either method, despite 
the fewer yeast cells in the pumped-over experiment. 

Investigation of the delay in starting an initial 
aerobic aldehyde fermentation indicates that the cause 
is a necessary acclimatization period, not establish- 
ment of a mutant veast strain. 

Aging in oak cooperage (9 months or 1 year) pro- 
duced flor sherries judged of a better quality than 
the same wines aged in glass. Data show some of the 
chemical differences between wines stored in oak and 


glass containers. 
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Chemical Inactivation of Enzymes in Vegetables 
Before Dehydration: 


Manuscript received September 18, 1959 


GRTABLE DELYDRATION generally 
includes scalding or blanching of material by steam 
19) prior to dehydration. Lleat- 
ing in the moist state inactivates most enzymes, but it 


or boiling water (2, 


also results in loss of crispness and formation of a 
cooked flavor 


vegetables are more likely 


Experience has shown that blanched 
to retain good flavor and 
color after dehydration and storage than partially 
19). Sulfite 
treatment, widely used in dehydration of vegetables 


blanched or unblanched vegetables (3, 6, 
and fruits, prevents browning and inactivates such 
enzymes as polyphenol oxidase (9) but imparts a for- 
eign flavor to the food. 

of 
dehydrated 


without 
and parsley 
(18, 19) and frozen peppers and pimentos (73). It is 
possible that the strong natural flavors of these vege- 
tables mask off-flavors developal in storage. Other- 
fundamental difference be- 
require blanching those 


number vegetables are processed 


blanching onions, garlic, 


Wise must assume a 


tween vegetables that 
that 
justified in our present state of ignorance regarding 
It is probable that 
these differences are quantitative rather than quali- 
tative. 


do not. Sueh an assumption does not appear 


causes and nature of off-flavors. 


Inadequate blanching can be detected by testing 
for residual activits of peroxidase, catalase (3, 6, 19) 
other With the exception of the 
probable role of lipoxidase and lipase in forming off- 
flavors in unblanched frozen peas (17, 20, 21), little 
is known about the reactions which cause flavor and 
color deterioration 


or Ines (9) 


Knzyme inactivation by chemical treatment at room 
temperature has been explored at this laboratory as 
a possible means of obtaining dehydrated vegetables 
of high quality. The initial experiments encouraged 
further The paper de- 
seribes methods developed and chemical 


investigations (7). present 
used for 
enzyme inactivation and its testing.’ 

The tissues were infiltrated under a vacuum with 
various chemicals and the degree of inactivation of 
catalase, peroxidase, acetyl esterase, phosphatase, and 
polyphenol oxidase was determined. The primary 

‘This paper reports research undertaken in cooperation with 
the Quartermast@r Food and Container Institute for the Armed 
Forces, QM Research and Engineering Command, U. S. Army, 
and has been assigned No. L009 in the series of papers approved 
for publieation, 


The views or conclusions contained in this re 


port are those of the author. They are not to be construed as 


necessarily reflecting the views or endorsement of the Depart 
ment of Defense. 


"A laboratory of the Western Utilization 
Agricultural 


Department of Agriculture. 


Research and De 


velopment Division, Research Service, U.S. 


be interested in use of these chemicals in 
foods should consult the U.S. Food and Drug Administration. 


* Those who may 
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purpose of the experiments was to determine the effi 
cacy of these chemicals; no effort was made to mini 
mize leaching of soluble materials from the vegetables 
during infiltration and washing. The of 
several acids, ethanol, and a number of surfactants 
alone and in various combinations at different 
centration levels was studied. Nearly complete in- 


influence 


activation of tested enzymes was achieved in cabbage, 
celery, carrots, and apples. Storage stability and 
organoleptic evaluation of cabbage will be described 
in a subsequent paper (8). 


MATERIALS AND METHODS 


The vegetables were trimmed, washed, and cut 
O.1-inch thick. failed to 
thicker slices uniformly. Procedures were standardized 


into slices 
penetrate 


for all 


or shreds about Solutions 
plant materials as described below. 
Infiltration solutions. EKnzyme-inactivating solutions contain 
ing 48° ethanol, and a surfactant tested. The 
chemicals were tried singly and in various mixtures, Appropri 
ate controls were used for each experiment ineluding infiltra 


acid, were 


tion with distilled water and each individual component of each 
mixture. Four acids and «a number of surfactants were studied. 
Surfactants were tried at 2 or more concentrations in the acid 
aleohol mixture, and also alone in water. The effectiveness of 
several acids as enzyme inactivators was compared at the same 
normality. The effect of pli of the 
ethanol-surfactant mixture was also tested. 

Infiltration procedure. Vegetables were infiltrated within a 
vacuum desiccator with 4 times their weight of the test solu 
tion, Infiltration under vacuum to 
penetration, This by 3 
evacuation and release of vacuum for a total of 
decanting, the plant material was rinsed 
infiltrated with O.2M acetate buffer (pH 
water, each for a duration of 5 min and 2 eyeles. 


differeneees in acid 


Was necessary insure ack 


quate wis eyeles of 
After 
then 


by 


accomplished 
12 min, 
with 


water, 
followed 
The buffer 
adjusted the pH (lowered by the acid treatment) and the water 
flushed out the residual chemicals, 
resulted from this treatment. 
Enzyme tests. Qualitative and semiquantitative tests for ac 
tivity of 
and polyphenol 


Loss of soluble components 


catalase, peroxidase, acetyl esterase, phosphatase, 
performed filtered 
from blended vegetables. Fresh, infiltrated, or rehydrated plant 
blended for 3 with an equal weight of 
acetate or phosphate buffer near pH 6. The dehydrated vege 
tables were blended for 6 min with a larger volume of buffer 
plus water adjusted to give roughly the same content of solids 
us the fresh material. A portion of each blended material was 
boiled to serve as a control; volumes were adjusted after cool 
ing and before filtration. Cabbage extracts were boiled 7 min 
to insure inactivation of peroxidase. Boiling time for other 
not critical. No significant changes in pH 
oceurred on boiling and filtration. Reagent controls were also 
included in each experiment. 

The enzyme activity of each material was estimated in terms 
of the time required for manifestation of a 
action. 


oxidase were on extracts 


materials were min 


materials was 


characteristic re 
Activity was considered negative when no reaction was 
observed for 30 min or longer. The tests were done at 
temperature (23°C). These rough estimates of residual en- 
zyme activity were considered adequate for the purposes of this 
study. 

Catalase formed oxygen in active extraets on addition of 
0.5% hydrogen peroxide, but not in the boiled extracts. The 


room 
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To keep your turban dry when it rains, 
use an umbrella... but... 


for more uniform water-soluble gums, 


depend upon Penick! 


Nature is never predictable, but there are re- 
liable ways to compensate for the inevitable 
variations. Natural differences in water-soluble 
and bulking gums need not be a problem. 


Penick controls uniformity of gums with a 
unique process called Evenizing®. We deliver as 
consistent a product as it is possible to achieve. 


What's more, Penick gives you further assur- 
ance of unfailing high quality. We closely 


GUM ARABIC (Acacia) USP 
GUM TRAGACANTH USP 


GUM GHATTY 


supervise the selection of gums where they are 
grown and gathered—and process them in our 
own mills. At no time are they beyond our 
direct control right up to shipment. 


In addition, our world-wide resources and 
amply stocked warehouses assure dependable, 


stable supply. 


We'll gladly send samples of the gums listed 
and quote on your requirements. 


GUM KARAYA 
LOCUST GUM 
ALGAEX Alginates NF 


| | PENULOSE Powdered Cellulose Gum 


Water-Soluble Gum Department 
$. 8. PENICK & COMPANY + 100 CHURCH ST., NEW YORK 8 + 735 W. DIVISION S$T., CHICAGO 10 
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CHEMICAL INACTIVATION OF ENZYMES 


time required for appearance of definite oxygen bubbles was TABLE 1 
used as a rough measure of catalase activity. Appearance of a Effect of various reagents on inactivation of several 
ring of foam, if any, was also recorded, enzymes in cabbage 

Peroxidase activity was estimated by the method of Morris 
(11, 12). The appearanee of a blue color on the test papers rime required for positive reaction! 
treated with extract was timed. Thoroughly boiled plant ex Acetyl |Phospha- 
tracts gave uniformly negative results. ee esterase, | tase, 

Acetyl esterase activity was estimated with chlorophenol red snsicsattcns | 
diacetate as substrate at pH 6 by timing the appearance of a None (fresh ye 1 
pink color. The substrate was prepared by acetylation of cabbage ) 
alone 

14), After treatment with carbon black, the chlorophenol red HC! alone 
diacetate was reerystallized from hot methanol until fic of Surfactant alone 
EtOH + surfactant 
EtOH + HCl 
zymatieally at somewhat different rates. This suggests the HOI + surfactant 


chlorophenol red (3’, 3°-diehlorophenol sulfonephthalein) (4, 


chlorophenel red dye. Different preparations hydrolyzed ‘en 


presence of varying amounts of chlorophenol red monoacetate. HOl+ EtOH 

Extracts of boiled plant macerates gave no color with the surfactant 
substrate. Negative results with boiled c trac used as controls for each 
Phosphatase activity was estimated with sodium phenolphtha experiment, were omitted from this table. All time intervals are aver 
ges of several determinations }0 indicates no reaction after 30 min, 


lein phosphate as the substrate at pH near 6. Aliquots were maa 


ne 

tested it time interval by adding an equal volume of 0.5M EtOH ee ae ee ae sodium alkyl aryl sul 
tris buffer | (tris-hydroxymethyl) amino methane|, pH 8.6 fonate, 0.002M: the same commercial lot. was used in all experiments 


Phenolphthalein phosphate hydrolyzes nonenzymatieally at HC] = O.1N hydrochloric acid 


higher pi. A pink color was given at pil 8.5 bys free phenol Foam ring; ye 
very weak, if any 


No foum ring indicates 


phthalein released in the enzymatie hydrolysis. Purifieation of 
substrate was required when reagent controls also gave a pink 
color when made alkaline (5). The substrate was kept dry and 
cold and the reagent was made up fresh daily at a concentra Enzymes in solution or in tissue homogenates are 
tion of 0.01M in ethanol and acetone. Digestion t'me required readily inactivated by acid alone. Failure to inacti- 
phatase activity. Extracts of boiled plant macerates gave no Yer 
ier slices with the same acid solution indicates poor pene- 
color with the substrate. 

Polyphenol oxidase aetivity was measurable in lettuce, tration of the acid into living cells. This apparent 
apples, carrots, and celery, but was extremely weak in fresh or lack of contact between infiltrated acid (pil 1.0 to 
dehydrated eabbage. Either catechol or dihydroxypheny! 1.5) and enzyme proteins was confirmed by failure 


ak “as sed as substrate. pears Pa . 
ilanine (DOF was used a ubstrate Appearance of a red of tissue pH tn drop helow pH 3 in macerates of acid 


brown color was timed in a erude estimate of the aetivity. Ex , . 
treated and washed cabbage shreds. Nor were pieces 


tracts of boiled macerates gave no color with the substrate. 
treated with acid alone as translucent as those treated 


RESULTS AND DISCUSSION with acid-ethanol and acid-ethanol surfactant mix- 

Treatment of cabbage with a mixture of hydro- tures. In the latter treatment, tissue pH was 1.5 to 
chlorie acid, ethanol, and surfactant resulted in suffi- 2.0 and enzyme inactivation was adequate by our 
client inactivation of peroxidase, catalase, acetyl eS standards, Studies on the time required for infiltra- 
terase, and phosphatase to give no observable reaction tion showed poor enzyme inactivation after 15 min of 
after 50 min (Table 1). Treatment with any one or vacuum infiltration with acid alone, while nearly 


a mixture of any 2 components did not lower enzyme complete enzyme inactivation was achieved by  infil- 


activity enough to give negative or even uniformly tration with the acid-ethanol-surfactant mixture for 
weak tests. This shows that inactivation of the en only 1 to 2 min. Thus, we conclude that addition of 
zymes, estimated by methods used in this study, ethanol and surfactant to the acid improved penetra- 
required all 3 components of the mixture. tion of acid into the plant cells. 


TABLE 2 
Effect of infiltration solutions on time required for positive enzyme reactions in several plant tissues 
Time required for positive reaction? 


Material Infiltration solution Polyphenol talas Acetyl Phosphatase 


oxidase Peroxidase esterase 
minutes 
minutes lime ) ing minutes 


Cabbage shreds HeO + surfactant 2 sec es 1 sen 


Cabbage shreds Hcl + EtOH + surfactant min no 10 min 
(before dehy tration) 


Cabbage shreds HCl + EtOH + surfactant 
(after dehydration ) 


Carrot pieces HeO + surfactant mere 
Carrot pieces HCl] + FtouH + surfactant 0 30 
Celery slices H2O + surfactant 
Celery slices HC] + EtOH 4 surfactant ) min 5 


Apple slices (2 varieties He + surfactant 1¢ min es 0 sec weak 308 


Apple slices (2 varieties) HC] + EtOH + surfactant min min 
Averages of several determinations. Negative results with boiled extracts, used as controls in ach determination, were omitted from this 
table -30 indicates no reaction after 30 min, negative 
Sodium alky! aryl sulfonate surfactant, 0.002 to 0.005M. HeO, HCl, and EtOH are distilled water, 0.1N hydrochloric acid, and 47.5% 
ethanol, respectively 
No measurable phosphatase activity was found in apple and celery by the method used 
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In all tested plant materials, infiltration with aeid- 
mixture resulted substantial 
inactivation of enzymes (Table 2). Fresh, untreated 
celery and apple had little phosphatase activity (pli 
6), and fresh cabbage appeared to lack polyphenol 
infiltrated with 


wave a 


ethanol-surfactant 


oxidase activity. Cabbage shreds 


ackbethanol-surfactant mixture sometimes 
weak but positive test for peroxidase activity. After 
dehydration of the cabbage, tests for peroxidase were 
consistently negative. Only after prolonged storage 
of the dehydrated cabbage, did) the positive test for 
peroxidase return (S). In cabbage at least, the enzyme 
peroxidase appears to be the most difficult to inacti 
vate both chemically and by heat (16). 

The inactivation in cabbage 


degree of enzyme 
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siderable enzyme activity. When the pil was or 
higher, inadequate inactivation of enzymes was the 
result. The effect of pH on inactivation of enzymes 
in cabbage agreed with information in the literature 
and with well-known biochemical experience. 

A number of anionic, cationic, and non-ionic sur- 
face-active compounds were tried in the acid-ethanol 
mixture for inhibiting enzymes in cabbage shreds. 
Many of these chemicals enhanced the enzyme inhi- 
(Table 5). The effective 
the anionie surface-active 


agents, especially the alkyl 


bition considerably most 


substances were some of 
aryl sulfonates and a 
sodium sulfate derivative of 2-ethyl hexanol-1. The 
latter, however, was impure and imparted an un 


pleasant odor and a brown color to the treate | cab 


varied with type of acid (Table 3). As might be bage. The compounds tested are listed in’ Table 5 
expected, the strong acids were more effective than approximately in order of their effectiveness within 


those weakly ionized. Both hydrochloric and sulfuric 
acids were effective inactivators of cabbage enzymes, 
but phosphorie and acetic acids were relatively poor. 
The initial values reflect differences the 
sociation of these acids in the water-ethanol-surfactant 
mixture 

More detailed results on the effect of pil with hy- 
drochlorie acid are summarized in Table 4. As antici 
pated, the higher the pIL of the hydrochloric acid- 
ethanolsurfactant the the 
enzyme inactivation in the cabbage shreds, confirming 


mixture, poorer Was 


earlier observations that solutions with a pI above 


the classification Chemical names were ob 
tained from the literature (70) or deduced from the 


chemical composition given by the manufacturers. To 


groups. 


conserve space, results in Table 5 were presented for 
one concentration only, although the majority were 
tested at two or more levels. 

In most cases, the enzyme-inactivating effect of 
surfactant with 
When tested alone in water solutions at 


increased higher concentration. 
the concen 
trations used in the mixture, these surfactants ap 
peared, to have only a negligible effeet on enzyme 
The reported denaturing effect of 


activity. many 


allowed the infiltrated cabbage to retain eon- surface-active agents on proteins (7, 75) was not 
TABLE 3 
Effect of different acids in infiltration mixture on enzyme activity of cabbage macerates (pH 5.2) 
Infitration solution Time required for positive reaction ! 
Acid Initial Peroxidase Catalase Phosphatase 
Components of mixture cone 1H seconds esterase minutes 
Seconds Foam ring minutes 
Hot? wlone oo 70 4 ves 1 4 
Surfactant Lin Heo oo 2 7 yes 4 
Hal’ Os + surfactant | | 2.4 no 15 13 
+ surfactant I | 21 no 3 
CHaCOOH + + surfactant | 1.6 20 no 15 
Hels surfactant I | 13 min noe 30 
Hot) alone 70 2 yes 2 
Surfactant Il Hot? 5.8 ves 2 
4 surfactant Il | 1.2 min min no 


Averages of sev ral determinations Negative results with beiled extracts used as controls wero omitted from this table 30 indicates no re 


min, negative 
CHsCOOH, HO, and 


respectively 


action after 

and 47.5% 
bitan monostearate 


wate 


acids, respectively. HeO and EtOH are distilled 
Surfactant II saturated solution (about 0.002M) of sor 


HeSOs are phosphoric, acetic, hydrochloric, and sulfuric 


ethanol Surfactant I O.005M of sodium alkyl aryl sulfonate 


TABLE 4 


Effect of different concentrations of hydrochloric acid (HCl) and of initial pH of infiltration 
solution on enzyme activity of treated cabbage shreds 


Infiltration of selution! Time required for positive reaction? 


Hel Initial Catalase Acetyl 
Components of mixture cone pH of esterase 
\ solution seconds Seconds Foam ring minutes minutes 
Het) oo 70 > 4 yes 2 6 
Hot + alkyl aryl sulfonate ou 6.6 ; 10 yes 3 6 
HCl + + alkyl ary! sulfonate 0.0005 ‘1 15 10 
Ooo] 
HC] + + alkyl ary! sulfonate 0.002 15 
HCl + EtOH 4 alkyl ary! sulfonate O.04 1.8 15 60 no 6 
Hel + EtOH + alkyl aryl sulfonate ol 1.2 5 min min no 0 


distilled water ethanol, respectively 


Newative 


hydrochloric acid, and 47.5% 
results with boiled extracts, used as controls 


and are 
determinations 


'Hed, HE! 


2 Averages of several were not included 30) indicates no reaction after 


min, negative 


4 
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TABLE 5 
Effect of surface active agents (surfactants) on enzymes in infiltrated cabbage. The surfactants 


are listed in approximate order of effectiveness within each of the three groups 


Trade name Surface active agent, chemical name 


Anionics* 
Utrawet D.S 


Utrawet DS 


Na-decy! aryl sulfonate 
Na-decy! aryl sulfonate 


Nacconol Na-alkyl aryl sulfonate 
Nacconol Na-alkyl aryl sulfonate 


Tergitol 08 Na sulfate of 2-ethyl hexanol-1 
Tergitol OR Na-sulfate of 2-ethyl hexanol-1 


Na-tetrahydronaphthalein-sulfonate 
Na-tetrahydronaphthalein-su'fonate 


Alkanol SI 
Alkanol St 


Aerosol OT Dioctyvl ester of Na-sulfosuccinic acic 


Aerosol OT Dioctyl ester of Na-sulfosuceinic acid 


Monobuty! phenylphenol Na-sulfonate O.005 
Monobutyl phenylpheno! Na-sulfonate 0.005 


\researp 100 


Aresearp 100 


Nonionics 


Span 60-(62) Sorbitan monostearate 


Span 60-(62) Sorbitan monostearate 


(saturate 
I 


Igepal RRO 


repal S80 Nonyl! phenoxy polyoxyethylene ethanol 0.005 


Nony!l phenoxy pelyoxyethy'ene ethanol 0.005 


ween 21 Polyoxyethylene sorbitan monolaurate 0.001 
Tween 21 Polyvoxyethylene sorbitan monolaurate 0.001 
Alkvlated ary! polyether alcohol 0.000 


Triton 100 } 


Triton 100 Alkylated aryl polyether alcohol 1.0005 
Cationies4 
Winthrop 37! Octadecyl guanidine hydrobromide 
Winthrop 37! Octadecy! guanidine hydrobromide 
mulsept N ryloxyethyl) carbonamidomethy! 
pyridinium chloride 
Emulsept N-(2-acyloxyethyl) carbonamidomethyl 
pyridinium chloride 


N-alkyl benzyl N-N-N trimethyl ammonium 
chloride 
N-alkyl benzyl N-N-N trimethyl ammonium 


hloride 


how Alkyl dimethyl! benzyl ammonium chloride 0005 
ROC Alkyl dimethyl! benzyl! ammonium chloride O.005 


Mention of trade names does not imply endorsement by the [ S. Depart 
HCl+ EtOH are LN hydrochloric acid and 5% ethanol, respective 
tS) indicates no reaction after 30 min, neg 
‘Two other commercial Na-alkyl aryl sulfonates as well as several nacco 


table An isopropyl naphthalene Na-sulfonate and a Na-lauryl sulfate w 


Time required for positive reaction® 
i 


pH o Acety! | Phospha 
2 mac 
Peroxidase Catalase esterase tase 


minutes | minutes 


ater 


ater < 
‘ sO min 


r 


toH 


toH 


min 


W ) 2 se 13 sec 
HCl 4 O see 60 sec 


ment of Agriculti Vv ther ) similar nature not mentioned 


nols were also ed i esults ‘ imilar to those presented in 


e also tested compounds listed at the end of 


snionics A hexadecyl dimethyl benzylammonium chloride was found to fit at the end of 


apparent under our experimental conditions. The 


synergistic enhancement of enzyme inactivation when 
surface-active agents were combined with acid and 
ethanol may be due in part to increased diffusion 
rate of the reagents into the tissue. 

As a group, the anionic surfactants were most effee 
tive in enhancing the synergistic action of acid and 
ethanol solutions, while the cationic compounds were 
the least effective. This observation is in agreement 
with studies showing that anionic detergents favor 
combination with cationic forms of protein on the 
acid side of the iso-electrie point (7, 15). This may 
result in precipitation of the protein-surfactant with 
lowered or destroyed enzyme activity. 


SUMMARY 


An effective procedure for inactivating enzymes by 
chemical means in cut plant tissue has been developed 


Nearly complete inactivation of tested enzymes was 
observed in shredded cabbage and pieces of apple, 
carrot, and celery whieh had been infiltrated under 
vacuum with a mixture of acid, alcohol, and a surf- 
actant. 

None of these 3 components alone significantly in- 
activated the enzymes tested (catalase, peroxidase, 
acetyl esterase, phosphatase, and polyphenol oxidase ) 
under the experimental conditions used, 

Enzyme inactivation increased with decreasing pH 
of the infiltration solution. Strong mineral acids with 
a pH of 1.5 or lower in the infiltration mixture were 
best enzyme inactivators. 

Anionic, cationic, and non-ionie surface-active com- 
pounds have been tested as additives to the acid- 
ethanol mixture used for enzyme inactivation. <A 
number of the surfactants synergistically enhanced 
the enzyme-inactivating action of the acid-ethanol 
mixture, 
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Cone 
{ 
| 
| 
| Water 0 Water 5.7 } sec 12 sec 3 4 
| 0.008 W 1 10 
| 0.005 Wat 5 
O005 Water 5.6 5 sec 
0.0023 Water 7) 1 sec 15 sec 2 
0.0023 H+ 20 mir 90 see 20 20 
J 
1.9 90 se 60 sec 20 35 
| d) 
HCl + EtOH 1.5 25 see 60 sec 10 
Water ».6 sex 15 sec 
HCl + EtOH 4.7 15 sec 90 sex 25 20 
Wate 2 se 12 se 2 
EtOH 1.6 10 sex 75 15 15 
Water 2 se 17 sec 
Hel Eton se 75 wee 30 
Water ) 10 se 0) sec 5 3 
lit 1.8 60 sec 10 sex 
ATM 56 
0.005 Water 25 se 2 
ATM 50 
O.005 Hel + 4.7 12 sec 60 sec 20 20 
uo 25 
he the cationics 
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6. Linpquist, F. E., Direrricu, W. Masure, M. P., AND 
Boages, M. M. Effeet of enzyme inactivation on quality 
retention in frozen brussels sprouts. Food Technol., 5, 


The inactivation of enzymes increased with higher 
conecontrations of the surface-active compound, 

In general, the anionic surface-active compoun:ls 198 (1951). 
were most effective synergistic enzyme inhibitors in 7. Makower, R. U. (to USDA, Secretary of Agriculture 


the acid-ethanol mixture, while the cationic com- U. Patent Ne, 2,000,129 (Jane 9, 2908). 
Makower, R. U., ann Boggs, M. M. Quality of eabbage 


pounds were least effective. It is difficult to assess lehydrated after chemical or steam inactivation of 

from the available data the relation between chemical enzymes, Submitted to Food Technology. 

structure of the surfactant and its effectiveness in the % MaLuLerTE, M. F., Dawson, C. R., NeLsoxn, W. L., AND 


GortNner, W. A. Commercially dehydrated vegetables. 
Ind. Eng. Chem., 38, 437 (1946). 
Of the eChnZVIes tested, peroxidase appeared to be 10. MeCurenron, J. W. Synthetic Detergents. MaeNair-Dor 
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peroxidase. J. Agr. Food Chem., 6, 383 (1958). 
Acknowledgment Iz. Morris, H. J. Application of peroxidase test paper in 
food processing. Food Technol., 12, 265 (1958 
13. Mrak, V. G. Home freezing of foods. Calif. Agr. Exp. 
Sta. Cire, No, 420 (1953). 
14. Ornporrr, W. R., AND Suerwoop, F. Phenolsulfone 
LITERATURE CITED phthalein and some of its derivatives. J. Am. Chem, 
Soc., 45, 486 (1923 
detergents and bile salts. J. Gen. Physiol. 23, 239 15. Purnam, F. W. The interactions of proteins and synthetic 
(1939) ’ detergents. Adv. Protein Chemistry, 4, 79 (1948). 
16, ScuowimMer, S. Regeneration of heat inactivated peroxi 


synergistic inhibition of plant enzymes. 


The assistance of Mr. Miehael L. Young with some of the 


experiments is gratefully acknowledged. 


1. Anson, M. L. The denaturation of proteins by synthetic 


2. Bureau Agr. and Ind. Chem, Vegetable and fruit dehydra dase, J. Biol. Chem., 154, 487 (1944). 
tion, A manual for plant operators, Dept. Agr. 17. A. M., AND Tarren, A, L. Catalysis of linoleate 
Mise, Pub, No. 540, 36-42 (1944). oxidation by pea lipoxidase. Arch. Biochem. Biophys., 

W. C., Linpguist, F. E., Bouartr, G. S., Morris, 60, (1956). 


IS. SrepHENSON, R. M. Aspects of modern onion and garlic 


H. J., anp Nuvrine, M-D. Effect of degree of enzyme 
dehydration, Food Teehnol., 3, 364 (1949). 


inactivation and storage temperature on quality reten 


tion in frozen peas. Food Research, 20, 480 (1955). 1%. Von Lorpseckr, H. W. Drying and Dehydration of Foods. 
: 2nd ed., 1955. Reinhold Pub. Co., New York, N. Y 
20. WAGENKNECHT, A. C., AND Leg, F. A. The action of lipoxi 
Htaains, ©, anp Tanatay, P. Sodium phenolphthalein dase in frozen raw peas. Food Research, 21, 605 (1956 
phosphate as a substrate for phosphatase tests. J. Biol, 21. WaGeNKNeEcHT, A. C., AND Lee, F. A. Enzyme aetion and 
Chem., 159, 300 (1945 off-tlavor in frozen peas. Food Research, 23, 25 (1958 


it 
is 
by , 
| 
ren 


The Pressure-Volume Relation 
During Heat- Processing: 


Manuscript received September 18, 1959) 


for the commercial 
packaging of heat-processed foods are limited to those 
made from glass, or metals such as tin plate or alumi- 
num. At present several plastic films with resistance 
to processing temperatures are available; these films 
are of interest to the food industry as possible alterna- 
tives to the conventional materials. 

Heat-processing foods in plastic film containers 
presents a number of problems not encountered when 
containers made from conventional materials are used. 
Examples are: 


a) Permeability of films to gases and vapors, and 
the effect of processing temperatures on these 
properties. 

b) Possibility of extraction of film components into 
the food product during processing. 

¢) Effect of transmitted light on the food product. 

d) Essential inertness of plastics. This may create 
additional problems. For example, tin and the 
special linings used in metal cans may react 
with food components or their breakdown 
products; such reactions are frequently bene- 
ficial to the appearanee and flavor of the prod- 
uct. Other methods of achieving these desirable 
effects will have to be used for products heat- 
processed in plasties. 

e) Effect of processing temperatures on the 
strength of films and heat-seals. 

f) Internal pressure-volume relations in film pack- 


ages during processing. 


Some of the advantages and problems associated 
with the heat-processing of foods in film containers 
have been discussed by Hu et al (4) and by Nelson, 
Hu, and Steinberg (6). 

A detailed study of several of these problems has 
been conducted within the last two years in these 
laboratories. As part of these investigations, a method 
was developed for the estimation of the strength of 
completed packages and heat-seals before, during, 
and after heat-processing. Results were reported on 
several films (3). 

The present paper outlines investigations made on 
the internal pressure-volume relations in plastie con- 
tainers, and includes : 


a) Design of laboratory apparatus for the study of 
the pressure-volume relations. 
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b) Procedures used in these studies. 

¢) A record of observations made during processing 
on film packages filled with either water or a 
food product. 


It is considered that the methods described may be 
suitable not only for use with heat-processed foods, 
but also for studying the pressure-volume relations in 
the *‘heat and eat’’ type of food packs; these packs 
have already found commercial applications (1, 2, 7). 


METHODS AND MATERIALS 


Materials used. lilms used were 0.001 in polyethylene tereph 
thalate (polyester) film and 0.001 in 0.002 in, and 0,003 in high 
density polyethylene blown tubing. 

Construction of packages. Film packages were made from 
sumples of cut sheet material by folding and heat-sealing along 
” edges to form a bag, and completing the end seal after the 
bags were filled. The heat-sealer used was a thermal impulse 
sealer (Model 13A, Vertrod Corporation, Brooklyn, N. Y.). 

Estimation of expansion in volume. The expansion in volume 
of packages with increases in internal pressure was studied 
using the apparatus shown in Figure 1. The apparatus consists 
of «a wide-mouthed glass jar fitted with a rubber stopper bored 
to accommodate an overtlow tube, a burette, and a brass tube. 
One end of the brass tube is attached to the test bag by means 
of wing nuts, brass washers and rubber washers as deseribed 
previously (3). The other end of the tube is connected by 
pressure tubing to a mercury manometer and to a compressed 
1e control of the air pressure. 


air line. A valve is used for t 

Estimations were made by connecting each bag to the brass 
tube positioned in the stopper, filling «a measured volume of 
water into the bag, and closing after removing as much air as 
possible, To prevent leakage of water through the tubing dur 
ing filling and closing operations, one end of the tube was 
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Figure 1. Apparatus used to measure the expansion in volume 
of film bags with increases in internal pressure. 
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closed with a short length of rubber tubing clamped with a 
serew clip. The apparatus was then assembled, the jar filled 
with water from the burette, and all air removed from the jar 
through the overflow pipe. The overflow pipe was closed with 
a serew clip and the water level in the burette noted. The 
internal pressure in the bag was increased in small increments 
and the volume of water displaced from the jar into the burette 
observed, together with the pressure recorded on the manome 
ter The results reported were corrected to allow for the pres 
sure exerted by the column of water in the burette. 

Apparatus for heat-processing studies. The apparatus used 
for heat processing test packs of products in film packages is 
shown diangrammatieally in Figure 2. It is fitted with special 
ittachments which permit estimation of the internal pressures 
developed in the packages. The apparatus consists of a stand 
ind’ Presto (Model 401B) domestie type pressure eooker fitted 
With a Weston dial thermometer CA (range 50-300° F), a 
standard pressure gauge (B range 0-30 in Hg), and a pres 
sure control valve. The valve stem (D) fixed to the lid of the 
cooker, has a socket in the upper end whieh fits a ball in the 
valve cover ( processing in steam at 212° F may be 
carried out with the valve cover removed, and processing at 
higher temperatures under steam pressure by using valve 
covers of suitable weights. The attachments for the estimation 


Figure 2, Apparatus used for heat-processing studies. 


of internal bag pressures consist of a mereury manometer CG 
attached by pressure tubing to two brass tubes (FE, F). The 
brass tubes are fixed to the lid of the cooker by wing nuts, 
brass washers and Tetlon washers, The test bag is sealed to 
the lower end of tube E. The brass washer outside the bag is 
permanently soldered to the tube to prevent escape of gases 
and vapors from the bag along the thread. Tube E is threaded 
over the full length, but a short length of the thread on the 
upper end is removed permitting the wing nut used to clamp 
the tube to the cooker lid to be removed from this end. Pro 
vision is made for cooling the cooker under super-imposed air 
pressure from a compressed air souree (KK) connected by pres 
sure tubing and a T-piece inlet to tube FP. Air pressure is con 
trolled by a pressure gauge (1) and a control valve (J 

Procedure for pressure estimation. Bach bag was attached to 
tube E as deseribed earlier and the other end of the tube was 
closed with a piece of rubber tubing and a serew elip (lL). The 
bag was filled, closed and the end of the tube inside the bag 
temporarily sealed by finger pressure. After removing the 
piece of rubber tubing, the tube E was attached to the cooker 
lid by the washers and wing nuts, and the piece of rubber 
tubing replaced. The apparatus was then assembled and the 
manometer connections secured. The internal pressure de 
veloped in the bag during the heat-processing was determined 
from the difference in height of the mereury levels of the 
manometer, 
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Estimation of enclosed air in packages. Tw study the effect 
of the volume of enclosed air on the internal pressures it was 
necessary to estimate the volume of air present. 

Procedure, At the completion of the heat-proeess during 
which the internal pressure was recorded, the bag with the tubs 
attached was removed from the cooker by a reversal of the 
assembly procedure outlined above. Volume of enclosed air was 
then estimated by puncturing the bag under water and col 
lecting the gas in a gas burette. Volume of air in the buretts 
was read at room temperature (70-75° F) and atmospheric 
pressure, 

Test packs of food products. Three test packs of peas and on 
of mixed peas and eurrots were prepared, The food material 
was obtained in frozen form and allowed to thaw before the 
bags were filled. Two of the test packs of peas were prepared 
in DO im xX 3 in bags with 50 g of peas and 60 ml of 20 brine 
coutaining 26, sugar. The third test pack was prepared in 4 
in x 3 in bags using 30 g of peas and 25 ml of the brine solu 
tion, Mixed peas and carrots were prepared in 5 in x 3 in bags 
with 45 g of mixed vegetables and 45 ml of 2¢¢ brine. Care 
Was taken to expelas much air as possible from the bags before 


closing. 
RESULTS AND DISCUSSION 
Pressures which develop inside sealed containers 
during heat-processing arise from : 
a) Increase in the vapor pressure of the water in 
the processed food, with increasing temperature 


b) Increase in the pressure of air in the headspace, 
with increasing temperature. 


¢) Release of additional air from the product, due 
to a decrease in gas solubility with increasing 
temperature. 

d) Thermal expansion of the food product itself, 


In rigid containers packed with foods to be heat 


processed a partially evacuated headspace is provided. 


One reason for this procedure is to reduce the strain 
on the container during the heat-process. Tin-plate 
containers are not perfectly rigid and will increase in 
volume slightly as the internal pressure increases, 
resulting in further reduction of the final internal 
pressure. Nevertheless, internal pressures in tin-plate 
containers are relatively high (5, 8). 

Containers made from plastic films have a much 
lower resistance to internal pressure than those made 
from tin plate or glass. The internal pressures de 
veloped in film packages during heating are therefore 
of considerable importance. Fortunately, processing 
in flexible containers results in much lower interna! 
pressures than those developed in cans. This is due 
primarily to the greater expansion in volume of film 
containers (9). This effect, characteristic of process 
ing in plastic, is evident from the results shown below. 

Expansion in volume of bags. The expansion in 
volume with increases in internal pressure was estl- 
mated on bags made from 0.001 in polyester and 0.001 
in and 0.003 in high-density polyethylene films. The 
bags (4 in x 3 in) were filled with 50 ml of water and 
closed after the removal of air. Estimations were 
made on several bags from each film. Only slight 
variation was found between bags made from the same 
film. The results, Figure 3, show that 4 in x 3 in bags 
made from the films and filled with 50 ml water in- 
ereased in volume by an additional 55-65 ml at an 
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Figure 3. Increase in volume of 4 in x 3 in bags filled with 
50 ml water with increases in internal pressure. 


internal pressure of 5-10 em Hyg. Wiih bags of this 
size, the maximum volume of a liquid product which 
can be enclosed without risks of spillage is approxi 
mately 70 ml. Results show that even if such bags are 
filled with 70 ml of water, they will still expand in 
volume by 35-45 ml. This relatively large expansion 
would prevent the development of high internal pres 
sures during heating. 

Internal pressure during processing at 212 F. If 
the total internal volume of a bag and the volume of 
enclosed air are known, the internal pressure cle- 
veloped during heat-processing in a bag filled with a 
measured volume of water may be calculated from 
the gas law equation : 


PV, 
T; 
where : 
Py initial pressure in bag taken as 76.0 em 
Ig. 
V; volume of enclosed air at temperature Ty 
and pressure Pj. 
T; initial temperature of bag contents “R. 
P.-— partial pressure of water at temperature 
T. plus partial pressure of enclosed air 
at temperature Ts and volume Vo. 
Vo volume of bag at pressure Po, and tem 


perature Tos. 


temperature of heat-process R. 


The caleulated curves showing relation between in 
ternal bag pressure and volume of initial air for 
4 in x 3 in bags filled with 50 and 70 ml of water and 
processed at 212° F are shown in Figure 4. In these 
ealeulations the initial temperature was taken = as 
70° F and final volume of the bags as 105 ml. No 
allowance was made for increase in the specifie volume 
of water since it is negligible compared with increase 
in volume of the bags. 

Maximum internal pressures in 4 in x 3 in bags 
made from polyester film, and filled with 50 ml of 
water and closed without complete removal of air 
were determined during processing at 212° F. At the 
end of the process the volume of enclosed air in the 


bags was determined, Experimental values, also 
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Figure 4. Effect of the volume of air enclosed in 4 in x 3 in 
bags made from 0.001 in polyester film on the internal pressures 
developed during processing at 212° F. 


shown in Figure 4, are in good agreement with the 
calculated curve 

Results show that pressures which develop in film 
packages filled with water and heat processed at 
212° F are influenced by the volume of air enclosed 
and by the amount of water present. Data of this na- 
ture, together with data on the strength of bags at the 
process temperature, would allow the calculation of 
the optimum fill of containers. 

Internal pressure during processing at tempera- 
tures above 212° F. Conventional retorts for the heat 
processing of foods at temperatures in excess of 
212° F utilize a high pressure steam supply. The 
steam pressure in the retorts is controlled to give the 
required temperature. Pressure in the container is 
equal to the vapor pressure of water and to the ex- 
pansion of the product and of the enclosed air. Be- 
cause of the lag in the temperature rise of the 
product, vapor pressure of water in the container 
rises more slowly than the retort pressure. The maxi- 
mum internal pressure is attained when the product 
reaches the retort temperature. It is then equal lo 
the retort pressure plus the pressure due to expan 
sion of product and of entrapped air. 

Of more interest in package design, however, is the 
differential pressure AP, which is defined as follows : 


AP = P; — Pr 
where: P; internal container pressure at a given 
time 


Pr retort pressure at the same time. 


During the initial stages of heat-processing the 
value for AP is relatively small, and may even be 
negative. When the product reaches retort tempera- 
ture and P; attains its maximum value, the vapor 
pressure of the water in the container is equal to Px, 
AP is due entirely to expansion of the product and of 
the enclosed air. The maximum AP, however, occurs 
during the cooling period because the retort pressure 
falls more rapidly than the pressure inside the con- 
tainer. To minimize the resulting strains on c¢on- 
tainers during cooling, retorts are generally cooled 
under superimposed air pressure. 
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Preliminary trials made with film packages filled 
with water and processed at 2500 F in a normal steam 
retort resulted in very high proportion of burst pack 
aves, even when cooling was done under superim 
posed aim pressure. This was probably due to diffieul 
ties in maintaiming the retort pressure at a constant 
level 

Observations made using the conventional type re 
tort indicated the desirability of obtaining more com 
plete information on the internal pressure of bags 
during heat-processing. This was obtained on 4 in x 
$oin polyester bags filled with 50 ml of water using 
the modified cooker described. In one experiment the 
bay was attached to the differential manometer and 
processed for a short time in steam at 212° F, the 
steam valve cover was then placed on the valve and 
the bag processed at 232 F in steam at S psig. The 
cooker was allowed to cool in air at the end of the 
process. The differential pressure in the bag was re 
corded at intervals during the processing and cooling 
period, The results (Figure 5) show a rise in AP to 
approximately Sem during the process at 212° F 
and 232° Fo and a large inerease to nearly 12 em He 
as the cooker presstire fell to atmospheric pressure 

Figure 5, part A). AP then began to decrease (part 
Is Similar results were obtained during processing 
at 2400 and 2500 but the bags in each trial burst 
before the cooker presstire reached atmospheric pres 
sure. These results clearly indieate that the maximum 
differential pressure is developed during the cooling 


operation 
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Figure 5. Differential pressure in a 4 in x 3 in bag filled with 
50 ml water during processing and cooling. 


In all subsequent processing trials at temperatures 
above 2120 Fy the cooker was cooled using superim- 
posed air pressure The procedure used to process a 
bateh of bags filled with water or a food product was 
to attach a bag of similar dimensions and filled with 
the same material as those comprising the bateh, to 
the differential manometer (Figure 2). The heat- 
process Was then completed. When the cooling opera- 
tion was begun, enough compressed air was admitted 
to the cooker to keep the differential pressure at a 
low level. Rapid cooling of the cooker under running 
tap water was possible using this method, Thus, the 


bag attached to the manometer serves as an indicator 
of the differential pressure in the bateh, and close 
control of the cooker pressure with compressed air is 
possible during cooling. 

A series of test packs was processed in the cooker at 
temperatures above 212° F using superimposed air 
pressure during cooling under tap water as outlined 
above. The maximum observed differentia! pressures 
developed in the control bag are recorded in-Table 1 


TABLE 1 
Maximum differential pressures observed in bags made from 100 
gauge polyester film during processing 


Process Differential 


Contents 
Temperature max, pressure 


em Ag 


0g peas and 60 ml 
brine 

50 ¢ peas and 60 ml 
brine 

15 g mixed peas and « 
rots and 45 mi brine 

Og peas and 25 ml 
brine 


The test packs were examined after processing for 
baw failures, and no failures were found with bags 
made from polyester film. In several of the trials, 
bags made from 0.001 in 0.002 in and 0.003 in high 
density polyethylene film were included, but a high 
proportion of failures were found with these films. 
Most failures occurred in the area adjacent to the 
seals or in the seals themselves. A more detailed dis 
cussion of the mechanism of failure and its depend 
ence on sealing conditions has been given previously 

These results agree with the previously observed 
lowering of strength of bags made from polyolefin 
films when the bags are exposed to strains at high 
temperatures, which may result in failures even prior 
to the cooling period (3). It appears logical that if 
these materials are to be used for heat-processing an 
almost complete elimination of enclosed air would be 


necessary. 
SUMMARY AND CONCLUSIONS 


Suitable laboratory apparatus and procedures for 
the study of the pressure-volume relation in film pack- 
ages during heat-processing have been described. 

The expansion in volume with increases in internal 
pressure was studied on packages made from several 
films. Results showed that the expansion in volume 
of the packages was sufficient to prevent high internal 
pressures developing during heat-processing. Internal 
pressures were shown to be related to the amount of 
material and enclosed air in packages of given dimen- 
sions when processed at a given temperature. Excel- 
lent agreement between caleulated and estimated 
pressures was obtained on packages filled with water 
and processed at 212° F. The possible use of this 
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technique as a guide for choosing the correct fill-in 
weights for packages to be heat-processed has been 
indicated. 

Differential pressures in film containers filled with 
water and several food products during processing at 
temperatures above 212° F under’ steam 
were found to be relatively small except during the 
Cooling under superimposed air 


pressure 


cooling operation. 
pressure was found to avoid the development of high 
pressures. The use of a package attached to a 
manometer as an indicator of the correct air pressure 


to be maintained during cooling has been deseribed. 
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Tan \DIATION OF CURED MEATS leads 
to certain oxidative changes which alter their flavor 
and color, Although the flavor changes are not par- 
ticularly objectionable (72), it is desirable to control 
them as much as possible. 

Many investigators have studied possible causes of 
irradiated off-flavors. Presence of oxygen during 
irradiation vesults in an increased amount of oxida- 
tive changes in meats (7, 12). Addition of antioxi- 
dants such as ascorbic acid and liquid smoke helps 
control these oxidative changes (8). Aseorbie acid 
has been used successfully to protect unirradiate | 
meats against oxidative rancidity and meat discolora- 
tion (2, 15, 17). Liquid smoke and ascorbie acid act 
synergistically to protect unirradiated ground pork 
against rancidity (76), and to proteet hams and 
bologna against radiation-induced changes pig- 
ment and odor, 

The ultimate purpose of radiation is to sterilize the 
cured ham and prolong its shelf life without need for 
refrigeration, Tleat must still be applied to develop 
the cured meat color. The question arises as to when 
is the best time to heat the hams for getting the 
maximum color development. Is there an advantage 
to waiting until after irradiation before heating the 
hams; and if so, how long a time interval should lapse 
between the irradiation and heating processes ? 

Morgan and Reed suggest that heating hams after 
irradiation would be more effective from the stand- 
point of total sterilization (10). Cain et al have 
shown that bacterial survival is dependent upon both 
irradiation dose and temperature whereas irradiation 
favors are dependent only upon the irradiation dose 
(3). 

This paper reports data from experiments planned 
with two objectives in mind: first, to determine 
whether hams should be heated prior to or at some 
time interval after irradiation; second, to investigate 
the use of ascorbic acid and liquid smoke in proteet- 
ing irradiated hams from oxidative changes. 


MATERIALS AND METHODS 


Approximately 40 Ib of fresh pork hams were purchased 
from loeal markets, ground medium-fine in an eleetrie food 
chopper, mixed thoroughly with euring salts, sealed in 307 x 113 
(“enamel cans (175 g per ean) and frozen, Curing salts 
were 24% NaCl and 200 ppm nitrite as NaNO. Variations in 
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sigued number 1040 in the series of papers approved for 
publieation. 

"Present address: Towa State University, Ames, Lows. 
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chemieal additives were (a) control and (b) 0.107 aseorbate 
plus 0.05% liquid smoke." Frozen samples were packed in dry 
ice and shipped by air express to the Argonne National Labora 
tories where they received two million rep” gamma rays at 
ambient temperatures. Part of the samples were heated for 
color development prior to shipping and the rest were heated 
immediately after their return or at time intervals of 15 days 
and 32 days after irradiation. Samples were heated ino an 
autoclive with streaming steam until internal temperatures 
renched 70°C. The unirradiated controls received the same 
treatment, in regard to handling, as the irradiated samples 
Storage of the samples at room temperature was for various 
periods as indicated in the tables. Analytical data were ob 
tained on pigment loss, fat oxidation, sulfhydryl groups, free 
nitrite, drip, pH, and odor acceptance. 

Representative extinetion curves for the cured meat pigment 
show a broad absorption peak at 570 mme and very low 
absorption at wave lengths above 650 mme. Erdman and Watts 
hove shown the absorption peak to shift) from 570) mme to 
40 mime and finally disappear altogether when the pigment is 
oxidized (6). Absorption ratios at 570/650 mme will change 
from 2.56, which represents a completely developed cured meat 
pigment, to 1.56 when the pigment is oxidized to the ferric 
form without porphyrin ring destruction. The absorption ratios 
at 540/500 mme change from 1.05 to 0.95 when the porphyrin 
ring is altered, Reftleetanee measurements at these wavelengths 
were therefore used to determine the kind and extent of pig 
ment loss during irradiation. 

Fat oxidation was measured with thiobarbituric acid (TBA 
reagent according to the method of Turner ¢f al (14). The 
TBA value has been defined in a previous article (9). Exeess 
nitrite interfers with the production of the pink TBA-color 
complex (73). However, this method can be considered valid 
for hams when the concentration of nitrite is less than 1L00 
ppm. Hougham and Watts have shown a rapid loss of nitrite 
in hams during storage (9). 

Sulfhydryl groups were determined qualitatively with nitro 
prusside as deseribed by Erdman and Watts (4). Nitrites were 
measured quantitatively by the A.O.A.C. official method (7). 

The pH was measured on «a Beekman pH meter. Drip was 
measured as the volume of drained liquor from a freshly 
opened ean, The drained liquor was added back to the samples 
when they were ground and mixed for analysis. 

A modified hedonie seale deseribed by Peryam and Pilgrim 
(71) was used to determine odor preference. Odor was judged 
by 14 to 17 volunteers who judged each sample by checking 
one of the following eriteria: dislike 
moderately, neither like nor dislike, like moderately, and like 


extremely, dislike 


extremely. The ranks were then seored 1, 3, 5, 7, and 9, re 
spectively. Judging was done in a well ventilated room that 
was not used for other purposes. Samples reeeiving the heat 
treatment prior to and immediately after irradiation were 
judged separately from the other samples, thus effeetively 
reducing to four the number of samples handled by each judge 
at any one judging period. 


“The American Can Company provided the 307 x 113 © 
enamel cans, 

“The liquid smoke was provided by Fermenich and Co. 
Geneva, Switzerland. 


“The approved term, it is reeognized, is now rad (100 
ergs/g) but at the time of the experiments the term rep was 
sanctioned as the unit of dosage. 
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RESULTS AND DISCUSSION 


Unirradiated hams spoiled when stored beyond one 
month and so no data are available for unirradiated 
hams kept several months. 

Pigment loss. A change in the 570/650 absorption 
ratios indicated a definite loss of the cured meat 
pigment when the hams were exposed to ionizing 
radiations, Table 1. 
offered slight protection to the hams that were heated 


smoke-ascorbate combination 


prior to or immediately after irradiation. By waiting 
2 to 4 weeks after irradiation to heat the hams, there 
was considerably less pigment formation and the 
addition of smoke and ascorbate resulted in even less 
development of color. 

Irradiated hams stored up to 265 days had higher 
570/650 mme ratios than did hams analyzed soon 
after irradiation, but there was an apparent loss of 
pigment in the unirradiated hams during storage up 
to a month. Erdman and Watts showed a preheated 
irradiated cured meat sample lost all of its pink color 
within 2 weeks of storage (4). In this set of data, 
however, preheated irradiated hams had the best color 
rating of all samples after 265 days in storage. The 
rapid loss of nitrite during storage would explain, in 


TABLE 1 


Effect of radiation and heating on the 570/650 mmc 
absorption ratios 


No smoke or 
ascorbate 


Smoke plus 


ascorbate 
Heating 
Prior to 2 2.56 


irradiation 1.3 2.46 


Immediately 
after 


irradiation 


Fifteen days 
after 


irradiation 


Thirty-two 
days after 
irradiation 
'Sample lost to experiment. Other blank spaces indicate spoiled 


samples 


part, the poor development of the pink color in hams 
held 15 and 32 days after irradiation before heating. 
There was no difference in the 540/500 mme absorp- 


tion ratios between irradiated hams and correspond 
ing unirradiated hams. However, addition of smoke 
and ascorbate had some unexplained effect on this 
absorption ratio. Ratios for hams without smoke and 
ascorbate ranged from 1.04 to 1.00 during storage 
and for hams with smoke and ascorbate from 1.03. to 
0.97. Investigation showed that the presence of smoke 
in freshly prepared hams will cause a change in ratios 
from 1.06 to 1.05. This is an insufficient change to 
account for the sizeable decrease in the absorption 
ratios on the basis of added light absorption by the 
liquid smoke itself. Analysis of variance gave a mean 
square = .0039 for the treatment (df 1) and .0003 
for the individual variation (df 29); F = 13.00; 


p = .005. This shows a very high probability of get- 
ting lower 540/500 mme absorption ratios when 
smoke and ascorbate are added. It is not known how 
the smoke-ascorbate additives effects the porphyrin 
structure of the meat pigment. 

Sulfhydryl and nitrites. Irradiation of the hams 
produced a difference in the visual ratings for free 
SH groups and free nitrite. There was a slight in- 
crease in free SH groups in the hams held 15 and 32 
days before heating. The smoke and ascorbate made 
no differtnee in the ratings for SH groups. There 
was a rapid loss of SH groups during storage. This 
agrees with observations previously made by Erdman 
and Watts (4). 

Nitrite concentration decreased very rapidly dur- 
ing storage and there was evidence that the rate of 
loss of nitrite in unirradiated hams was greater than 
the rate of loss in irradiated hams. Irradiated hams 
showed a trace of residual nitrite up to one month 
storage but the unirradiated samples gave no color 
test for nitrite at ene month storage. 

The presence of smoke and ascorbate caused a 
decided loss of free nitrite in hams. At 6 days’ stor- 
age, the color rating for hams containing smoke and 
ascorbate showed only a trace of nitrite. In those 
hams containing no smoke or ascorbate, the color 
rating was maximum for the nitrite color test. This 
loss of nitrite can be ascribed to the presence of ascor- 
bic acid in the hams. 

Fat oxidation, TBA values for all irradiated hams 
remained low throughout the storage periods. The 
average mean value for those hams containing smoke 
01 and for those with no 
smoke and ascorbate was 0.33 + .02. A TBA value 
typical of rancid meats is greater than 0.50 (13). The 
low TBA values could not be due to interference from 
free nitrite because of the rapid loss of nitrite during 
storage. It is more likely that the nitrosomyoglobin 
in cured meat is unable to catalyze the oxidation of 


and ascorbate was 0.28 


fats. Heating the hams at various periods before and 
after irradiation made no differences in the TBA 
values. Adding smoke and ascorbate probably gave 
protection to the hams against the slight amount of 
irradiation induced fat oxidation. 

Sensory tests. Judges showed a decided preference 
for irradiated hams containing liquid smoke and as- 
corbate, Table 2. Samples tested at 265 days were 


TABLE 2 


Effect of radiation and heating on odor acceptance 
of stored samples 


265 days storage $13 days storage 


Heating period No Smoke No 
smoke or plus smoke or 
iscorbate ascorbate | ascorbate ascorbate 


Prior to irradiation 1.3 5.3 
Immediately after 
irradiation 4.5 


Fifteen days after 

irradiation 1.4 
Thirty-two days after 

irradiation 2 1.5 


mean 4.4 
n j 17 


Irradiation dose 2x 10 all samples 


| 
4 
i 
| 
| 
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2.26 2.09 
265 2.43 2.32 
6 29.95 2.50 2.36 2.46 
265 2.32 2.28 
19 2 06 2.36 1.0R 
265 2.23 2.16 
3.7 6.0 
14 14 
a 
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ground and mixed for chemical analysis before 
making the sensory tests. Samples tested at 313 days 
were opened within a half hour before testing and 
were not ground but were trimmed of all surface dis- 
coloration, In both testing periods, hams containing 
smoke and ascorbate were significantly (p 
more acceptable to the panel of judges. 

In irradiated hams without smoke and ascorbate, 
a t-test showed no significant difference between hams 
heated prior to irradiation and those heated immedi- 
ately after irradiation. This means that the smoke- 
ascorbate combination was the major factor in mask- 
ing the irradiated odor and in increasing its aecepta- 
bility to the group used in these sensory tests. No 
doubt the odor of the smoke and not the presence of 
the ascorbate made the difference. 

Drip loss and pH. There was no noticeable differ- 
ence in pil due to the ionizing radiations, to the 
presence of smoke and ascorbate, or during storage. 
Drip losses declined during storage of the samples, 
Table 3. Denaturation of the protein and subsequent 


TABLE 3 


Drip losses during storage of irradiated samples' 


™ Drip during days of 
storage 
Storage tim 
Heating period 


n days 
in das No smoke and Smoke plus 
ascorbate ascorbate 
‘ 
‘ 
Prior te irradiation 12.8 
14.8 14.8 
137 
i2 1.1 
Immediately after 13.4 12.8 
irradiation 
“7 
38.2 
Fifteen days after Wm 19.5 17.8 
irradiation Inu 17.8 
15.4 145 
15.1 13.8 
Mhirty two days after 21.7 20.6 
irradiation 137 17.1 17.1 
65 16.6 15.4 
' Radiation dose 2x 10° rep 


formation of eross links would result in a change in 
the water-binding capacity of the hams. Higher drip 
losses occurred if hams were held several days after 
irradiation before heating. 


SUMMARY 


A combination of heat and irradiation for the pro- 
duetion of a good cured pork product with a long 
shelf life has been studied. Although there is no 


apparent advantage to heating hams prior to or im- 
mediately after irradiation, it is apparent that no 
long interval of time should lapse between the two 
events. 

A smoke and ascorbate combination showed some 
antioxidant behavior. The smoke helped to mask the 
off-odors. The presence of ascorbate caused an un- 
necessary loss of nitrite and SH which led to an 
widesirable loss of pigment. 
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Tomato Ketchup 


(Manuscript received August 13, 1959 


Cammicat. AND COLOR CHANGES in 
tomato ketchup are of prime interest to processors. 
Various investigators have studied color (2, 3, 7, 9), 
ascorbic acid content (5), tomato content (1, 6), -pre- 
servatives (8), and consistency (11) as factors in- 
fluencing the quality of tomato ketchup. 

Davis and Kefford (3) investigated ‘‘black neck”’ 
in tomato sauce and concluded that the iron-tannin- 
oxygen reaction is one of the mechanisms responsible 
for color deterioration. Ogle and Kramer (7) re- 
ported on the browning of ketchup in bottle necks 
during storage. However, not much is known about 
the storage stability of ketchup in cans, even though 
this product is widely used in institutional feeding. 

One of the programs of the Department of Food 
Science and Technology at the Davis campus concerns 
factors influencing storage stability of processed 
foods. The interest shown by eanners in the stability 
of canned ketchup gave impetus to a study on the 
effect of storage temperature and time on chemical 
and color changes in canned tomato ketchup. Several 
objective tests for evaluating storage changes are 
presented, 


EXPERIMENTAL 


Tomatoes. Pearson tomatoes at canning ripeness were used for 
making ketchup. Chemical analyses of the tomatoes were 
made. The Agtron E reading was 45, Brix reading 5.95 at 
20° C, titratable acidity as citrie acid 0.472%, pH 4.25, and 
aseorbie acid content 20.2 mg/100 g. 

Tomato ketchup. The tomatoes were washed, sorted, and 
passed through a Reitz Thermopulper where the tomatoes were 
heated to 200° F in 10 see. The output of the thermopulper 
was 5 gal per min. The produet was passed through a pulper 
with a 0.030 in sereen. Forty gallons of the tomato puree was 
evaporated in a Krenz Evaporator at 106° F under 29 in 
vacuum to 19° Brix. Then, 30 Ib of sucrose, 5 Ib of eanners’ 
salt, 6.4 oz of mixed ketchup spices (William J. Stange Com 
pany), and 1.3 gal of 100 grain vinegar were added. This 
product was mixed well, brought to a boil, filled hot into No. 
2% eans (*%-—% in head space), sealed, heated in a rotary 
cooker for 5 min at 212° F, and rapidly cooled in water. 
Eighty-five cans of tomato ketchup were obtained. Chemieal 
analyses of the ketchup were made. The Brix reading was 
30.0° at 20° C, titratable acidity as eitrie acid 1.31%, pH 3.70, 
and ascorbie acid 15.6 mg/100 g. The eans were stored at tem 
peratures varying from 20°C (68° F) to 55°C (131° F) until 
needed for chemical and color studies. 


ANALYTICAL METHODS 


Serum color. Twenty grams of the ketchup sample was diluted 
with distilled water to 100 ml in a volumetrie flask. The mix 
ture was centrifuged to remove the insoluble solids. Then, 
20 ml of the centrifugate was mixed with 2 ml of a freshly 
prepared and filtered solution of 10% (w/v) Peectinol R-10 
(Rohm and Haas Co., Philadelphia, Pa.). The mixture was 


kept at 40°C (104° F) for 1 to 2 hours, treated with 0.2 g of 


Chemical and Color Changes in Canned 


B. S. Luh 


Department of Food Science and Tech- 
nology, University of California, 
Davis, California 


Supercel, and filtered through a Whatman No. 2 filter paper. 
The absorbance of the filirate was measured in a_ Klett 
Summerson photoelectric colorimeter with a blue filter, A 
blank was run with distilled water instead of the centrifugate. 

Amino nitrogen. The ninhydrin colorimetric method described 
previously (4) was modified slightly for this experiment. 
Twenty grams of the ketchup sample was diluted with distilled 
water to 100 mi, Five milliliters of the solution was diluted to 
100 ml with distilled water and then filtered. Two milliliters 
of the filtrate was pipetted into a 50 m) volumetric flask with a 
glass stopper. To this was udded 5 ml of KCN-pyridine reagent 
(2 ml of 0.01M KCN solution diluted to 100 ml with ammonia 
free pyridine, which was prepared by shaking 100 ml pyridine 
with 1 g of permutite for 20 min) and 5 ml of 80% phenol 
solution (80 g of phenol dissolved in 20 ml of absolute aleohol 
The flask was stop 
pered and heated in a boiling-water bath for 3 min. After 


shaken with 1 g of permutite for 20 min 


partial cooling, 1 ml of 5% ninhydrin solution in absolute 
aleohol (w/v) was added, The mixture was heated in a boiling 
water bath for exactly 5 min, counting from the time the water 
started to boil. The solution was cooled in a cold-water bath 
and made up to 50 ml with 60% ethyl aleohol. The absorbance 
of the blue solution was measured in a Klett-Summerson photo 
electrie colorimeter with a green filter. A reagent blank was 
run, using distilled water instead of the sample, A standard 
curve was constructed, using glutamie acid coneentrations up 
to 150 meg per ml of sample. The results were expressed as 
mg amino nitrogen per 100 g of ketchup 

Folin-Denis test. The modified Folin-Denis test (4) was used 
to determine tannin-like substances in ketchup. Twenty grams 
of ketchup was diluted with distilled water to 100 ml in a 
volumetrie flask. Then, 2 ml of the supernatant was mixed 
with 50 ml of distilled water, 5 ml! of Folin-Denis reagent, and 
20 ml of 1M Na.CO; solution. The mixture was diluted to 
100 ml and allowed to stand for 90 min. The absorbanee of 
the blue colored solution was measured in a Klett-Summerson 
photoeleetrie colorimeter, using a No. 66 red filter. It was 
sometimes necessary to centrifuge the solution for 5 min to 
remove the white precipitate. A standard curve for ep tannie 
acid was constructed with concentrations ranging from 0.05 to 
1.00 mg of tannic acid per 100 ml of reaction mixture. The 
results were reported as mg of tannic acid per 100 g of ketchup. 

Titratable acidity. Ten grams of the ketchup sample was 
diluted with 150 ml of distilled water and then titrated with 
0.1N NaOH to pH 8.0, using a Beckman glass eleetrode pH 
meter. Results were reported as per cent citrie acid. 

Lycopene and beta-carotene. Twenty grams of the ketchup 
sample was diluted to 100 ml with distilled water and centri 
fuged. The residue was resuspended in 100 ml of water and 
recentrifuged. The residue was extracted several times with a 
total of 100 ml of acetone. The carotenoids were then trans 
ferred to 75 ml of petroleum ether and washed with 50 ml of 
water. The petroleum ether extract was treated with anhydrous 
Na.SO, and made up to 100 ml with petroleum ether. A 5-ml 
aliquot of the extract was used for chromatography on a 
column (%& in in diameter and 4 in tall) made with equal 
weights of MgO and Supercel. The beta-carotene was eluted 
from the column with an acetone and petroleum ether mixture 
(10:90 v/s The xanthophylls were mechanically seraped off 
the top of the column. The lycopene was then eluted from the 
column with a mixture containing 5% ethyl aleohol and 95% 
petroleum ether. The pigments were measured in a Beekman 
DU spectrophotometer at 472 and 502 mme for lycopene, and 


150 and 478 mme for beta-carotene. 
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Color. The color grades of the tomato ketehups were deter 
mined aecording to the U.S.D.A. Munsell color dise method 
(12). The color of the ketehup was determined by comparing 
it with that produced by spinning a Munsell dise for faney 
grade ketchup, composed of the following colors: red 650% 
(5R 2.6/13, glossy finish), vellow 21% (2.5 YR 


finish), blaek 7°) (N1, glossy finish) and gray 7% (N2, mat 


5/12, glossy 


finish). Ketehup samples with color grades of 21-25 points 
were graded as faney, 17-20 as standard and 0-16 as sub 


standard 
RESULTS 


Serum color. When the tomato ketchup samples were stored 
at temperatures higher than 20° C (68° F), the ketchup serum 
darkened rapidly, 
amount of serum-color darkening at different temperatures. 
The serum color of the sample stored at 20° C (68° F) for 408 
days darkened very slightly. The rate and extent of darkening 


Results shown in Figure 1 indieate the 


increased as storage temperature rose. Serum color might 


KLETT READING 


120 0200-240 280-320 360 440 
STORAGE TIME —DAYS 
Figure 1. Effect of storage temperature and time on serum 
color of canned tomato ketchup. 


therefore be used as a test of ketehup quality. If one con 
siders a Klett reading of 100 to be maximum for good-quality 
ketehup, then the maximum storage time for canned ketchup 
will be 100 days at 35° C (95° F). Data reported here indicate 
the importance of storage temperature to product stability. 
For better quality retention it is desirable to store the canned 
ketchup at 20°C (68° F) or lower. 

Amino nitrogen. Amino acids and proteins are related to 
flavor acceptance of tomato products (4). A measurement of 
amino nitrogen might be used as a eriterion of tomato ketehup 
quality. When ketchup was stored at temperatures above 20° C 
(68° F), the amino nitrogen content decreased rapidly. Figure 
2 indieates the trend of such changes. The rate of decrease in 


AMINO NITROGEN 
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420 
STORAGE TIME-DAYS 


Figure 2. Effect of storage temperature on amino nitrogen 
content in canned tomato ketchup. 


amino nitrogen was far more rapid for the sample stored at 
55°C (131° F) than for those stored at lower temperatures. 
At 20°C (68° F), it took 408 days for a decrease in amino 
nitrogen from SO mg/100 g to 74.5 mg/100 g. 

The decrease in amino nitrogen content during storage may 
be considered undesirable. This can be avoided by storing the 
ketehup in the lower temperature range. In another experi 
ment, it was found that storage at 0° C (32° F) was superior 
to storage at 20° C (68° F) for amino nitrogen retention. How 
ever, for practical purposes, 9 storage temperature of 20° C 
(68° F) would be an acceptable compromise for a low storage 
cost with satisfactory quality retention. 

Folin-Denis test. Storage changes in tomato ketchup may also 
be determined by the Folin-Denis test which measured tannin 
like substances containing aromatic hydroxyl groups. This test 
is indicative of changes caused by high temperature, long stor 
age, or both. Results shown in Figure 3 indieate a gradual 
liberation during storage of substances which react with the 
Folin-Denis reagent. A trend similar to that of serum color 
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STORAGE TIME — DAYS 
Figure 3. Effect of storage temperature on tannin-like sub- 
stances in canned tomato ketchup. 


darkening was obtained, It is apparent that the serum-color 
and the Folin-Denis tests have similar temperature coefficients. 

It is important to point out that the Folin-Denis test is not 
specific to tannin-like substances. Asecorbie acid, tyrosine, 
stannous ion and other substances may also react with the 
reagent to produce a blue color. However, this test is useful 
for quality control purposes because improperly stored samples 
give high values, 

Titratable acidity. When canned ketchups were stored at high 
temperatures, an undesirable metallic flavor and even hydrogen 
swelling occurred, This was found to be accompanied by an 
increase in titratable acidity. Results shown in Figure 4 indi 


ry 
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Figure 4. Effect of storage temperature on total acidity in 


canned tomato ketchup. 
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cate a more rapid inerease in titratable acidity at higher tem 
peratures. No significant increase in titratable acidity was 
found in the sample stored at 20°C (68° F) for a year. The 
rate of increase in acidity with time varies with storage tem 
perature. The acid might be formed by degradation or oxida 
tion of fructose in the tomato fruit. The remedy is to store the 
ketchup at low temperatures. 

Lycopene and carotene. The lycopene content of the ketchup 
prepared for this experiment was 10.4 mg/100 g and the beta 
carotene content 0.83 mg/100 g. It is evident that lycopene is 
the major earotenoid while beta-earotene exists only in small 
amounts. No significant change in these constituents was ob 
served when the samples were stored at 55° C (131° F) for 19 
days even though a definite darkening of the ketchup color was 
observed, Thus, the change in color of ketchup during storage 
was largely due to formation of brown pigments rather than 
chemical changes of the carotenoids. 

When the sucrose was added to the ketchup during process 
ing, the red color in the product suddenly became very intense. 
The reason for this phenomenon is not clear. It is possible 
that the distribution of lycopene which was concentrated in 
certain parts of the cell was changed by the addition of su 
erose. Sucrose may have drawn more liquid from the cell to 
the outside fluid by osmosis, making the earotenoids more 
visible to the eye because of change in refleetivity. 

Color. The color of the ketchup according to the US.D.A. 
color seale, remained at the ‘‘faney’’ level when stored at 
20°C (68° F), for 14 months. Higher storage temperatures 
eaused a rapid change in color from bright red to brown. The 
eanned ketehup changed from faney to standard color grade 
in approximately 5 months at 35° C (95° F), 2 months at 45° C 
(113° F), and 1 month at 55°C (131° F). This indieates the 
importance of storing the ketchup at a low temperature range 


DISCUSSION 


The rate of storage changes in tomato products may 
vary not only with temperature, but also with the 
type of product. The serum color of 2647 tomato 
paste (4) darkened about twice as fast as that of 
ketchup, even though the total solids content of the 
paste (267) was lower than that of the ketchup 
(32%). The slower rate of darkening in ketchup 
might be attributed to the fact that it is lower in 
tomato solids than the paste sample. Sugars in to- 
matoes consist mainly of glucose and fructose. Frue- 
tose is probably the constituent that causes browning 
reaction. Another possible explanation of browning 
differences is that pH affects the rate of darkening. 
The ketchup sample had a pH value of 3.7, while the 
tomato paste had a pH value of 4.2. 

Ogle and Kramer (7) reported that the color of 
ketchup in bottle necks deteriorated very rapidly dur- 
ing the first few months of storage, while the color in 
the bulk of the product was maintained rather well and 
was not significantly altered until after 6 months’ 
storage. During the final storage period (6-13 
months) there was a significant loss of color. They 
believed that color deterioration during this period 
was related to the higher temperature of the summer 
months and indicated the need for additional work on 
controlled temperature storage. Results presented 
here show that storage temperature is important to 
ketchup stability. 

Oxygen has been shown to be important to the black 
color formation in the neck of bottled tomato products 
(3,7). This was thought to be due to the oxidation 
of ferrous to ferric ions which then react with the 


tannin to form a black-colored product. With the 
introduction of air-tight bottle caps, deaeration of 
ketchup prior to filling, use of stainless steel equip- 
ment, control of head space, and selection of spices 
(10), the black neck problem in bottled ketchup has 
been practically eliminated. In canned ketchup there 
is no leakage of oxygen into the can. However, brown- 
ing of the serum and color degradation still pro- 
ceeded when the storage temperature was high. This 
browning reaction is probably different from the oxi- 
dation reaction. The Maillard-type of reaction be- 
tween carbonyl and amino groups, and the reaction 
between sugars and polyhydroxy carboxylic acids, 
the degradation of sugars to furfural, and the for- 
mation of hydroxymethyl furfural might partially 
explain the darkening of serum color. These chemi- 
cal reactions were all accelerated by high storage 
temperatures. The extent of such storage changes 
increased with the length of storage time. Since 
ketchup samples with high serum color were  in- 
variably poor in flavor, every effort should be made 
to retard such changes by storing the product at 20° C 
(68° F) or lower 

The serum color test might be used as a quick 
objective criterion of ketchup quality. The test is 
easy to perform and is indicative of storage changes. 
The results presented here, however, show only trends 
of such chemical changes. More information is needed 
before the maximum serum color for good quality 
ketchup can be determined. 

Other factors, such as preheating temperature and 
time, oxygen inclusion, contamination with iron or 
copper, concentration of tomato solids, and total 
solids in the ketchup, may also influence storage 
stability of canned ketchup. More work is needed in 


these areas. 
SUMMARY 


Canned tomato ketchup was made under controlled 
conditions and stored at temperatures varying from 
20° C (68° F) to 55° C (131° F) for 14 months. The 
product was tested for chemical and color changes 
during storage. Results indicate that chemical 


changes occurred rapidly in ketchups stored at tem- 
peratures higher than 20°C (68° F). Serum color 


darkened and titratable acidity increased. High stor- 
age temperatures also contributed to decreases in 
amino nitrogen and degradation of color. The serum 
color test was found to be useful for detecting poor 
storage conditions in ketchup. To maintain good 
quality, storage at a temperature of 20° C (68° F) or 
lower is desirable. The importance of storage tem- 
perature on stability and chemical composition of 
ketchup is discussed 
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Influence of Ripeness Level on Organic 
Acids in Canned Tomato Juice 
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ACIDS are important 
flavor coustituents of tomatoes. Borntraeger (2) 
found that eitrie and malie acids were present in 
tomato juice, Hartmann and Hillig (6,7, 8) reported 
that the concentration of these acids is OATS and 
0.05°,. Andrews and Viser (7) reported oxalie acid 
to be present at a concentration of 0.0147 or less. 
Isherwood (9) and Marvel and Rands (10) presented 
a chromatographic method for isolating and deter- 
mining organic acids. Bulen and Varner (3, 73) used 
a silicie acid column and an automatic constant- 
volume fraction collector for separating organic acids 
in plant tissues. They reported that the following 
organie acids are present in fresh tomatoes: acetic, 
formie, lactic, trans-aconitic, malie and eitrie. 

More recently, Riee and Pederson (11) used the 
silicic acid column as deseribed by Bulen ef al for 
determining organie acids in tomato juice, but they 
modified the solvent schedule, the concentration of 
sulfuric acid in the aqueous phase, and the prepara- 
tion of the sample. They reported that no previous 
purification of the sample is necessary for determin- 
ing organic acids. Pyrrolidoncearboxylie acid was 
added to the list presented by Bulen et al. Since this 


"Present address: Instituto Teenologieo de Monterrey, De 
paurtamento de Quimiea, Monterrey, N. L., Mexico. 


Fidel Villarreal,’ B. S. Luh, and 
S. J. Leonard 


Department of Food Science and Tech- 
nology, University of California, 
Davis, California 


acid was found only in processed tomato juice stored 
for two years, it is probably not present in fresh 
tomatoes, 

In the present investigation, the silicie acid column 
chromatographic method was used to determine the 
effect of ripeness level on organic acids in canned 
tomato juice. Samples were freeze-dried prior to 
column chromatography and a solvent schedule simi- 
lar to that suggested by Dame, Chichester, and Marsh 
(5) was used. 


EXPERIMENTAL MATERIALS AND METHODS 


Tomatoes. Improved Pearson variety tomatoes were planted 
in fine sandy loam soil in mid-April. The tomatoes were har 
vested in mid-October and sorted into 3 ripeness levels based 
on skin color. The Agtron E colorimeter was used for objective 
color measurement based on the ratio of green/red reflectance. 
The tomatoes were stored over-night at 32° F and made into 
juice the following day. 

Canning procedure. About 150 Ib of tomatoes for each lot 
were washed, stemmed, macerated in a Spike pump, and 
pumped to a wiped-film heat exchanger. Here, the produet was 
heated at 230° F for 10 see and then pumped into an American 
juice extractor with a 0.033 sereen. The juice was mixed with 
0.65¢0¢ of sodium chloride, heated in a steam-jacketed kettle 
to 190° F, transferred into No. 2% eons (3% in head space 
and sealed while hot. Cans were heated in a rotary eooker at 
212° F for 6 min, cooled in a water cooler to 110° F, and stored 
at 68° F until needed. 
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Analyses. A representative sample of 40 tomatoes was taken 
from each ripeness level for chemical analyses and color 
evaluation, 

Agtron E reading. The cross sectional area of the tomato 
halves was graded for color by the Agtron Model E colorimeter, 
which measured the ratio of green (546 mme) to red (640 mme ) 
reflectance. This instrument is used by the State of California 
to supplement visual grading of canning tomatoes. The stand 
ard Agtron E readings for tomato color grades are as follows: 
well eolored 0-46, fairly well colored 47-67, and off color 68 
or higher. 

Visual color. The visual skin color of the tomatoes was graded 
by a panel of seven persons. Each person scored the samples 
under a MaecBeth standard light souree. An excellent sample 
was scored 9-10, good 7-8, fair 5-6, poor 3-4, and very 


poor 1-2 


pH. The pH of the tomato slurry was measured with a Beck 


man glass electrode pH meter. 

Titratable acidity. Titratable acidity was determined in a 
Beckman pH meter by titrating 10 g of the sample to pH 8.0 
in 150 ml of distilled water with 0.IN NaOH. 

Lycopene. The tomatoes were macerated in a Waring blender. 
Twenty-five grams of the macerate and 100 ml of 95% ethyl 
aleohol were mixed and filtered through a_ large sintered 
glass funnel of medium porosity. The residue was washed with 
small portions of a petroleum ether and aleohol mixture (2:1 
v/v) until all yellow pigments were extracted. Aleohol was 
removed from the filtrate in a separatory funnel by adding 3% 
Na-SO,. The petroleum ether fraction vas dried with anhy 
drous sulfate, and diluted to 100 ml. Ten milliliters of the 
petroleum ether extract was passed through a Hyflo-MgO (1:1) 
column and the lycopene was separated from the beta carotene 
by elution with 36, ethyl aleohol solution in petroleum ether. 
Optical densities of the fractions were determined for lycopene 
in a Beekman DU Speectrophotometer at 472 mme. 

Column chromatography of organic acids. Reagent grade 
silicic acid for chromatographic use was washed with distilled 
water and dried in an oven at 100° C for 24 hr (3, 5). Twelve 
grams of prepared silicie acid was mixed with 8.2 ml of 0.5N 
sulfurie acid in a small beaker. The powder was slurried with 
a glass rod in 70 mi of chloroform and then transferred to the 
column. About 0.5 g of the lyophilized tomato powder was 
weighed and mixed thoroughly with 0.5 ml of 6N sulfurie acid. 
The mixture was combined with 1 g of dry silicie aeid, and 
transferred quantitatively with a proper amount of chloroform 
to the column, Excess chloroform was drained through the 
siliea gel column, Glass wool was placed above the sample to 
prevent disruption of the packed material while the solvents 
were being added. Solvents used to develop the column were: 
100 ml of 50¢, 135 ml of 1567, 100 ml of 25°67, and 450 ml of 
35¢7 n-butyl aleohol in chloroform (v/v sefore use, the or 
ganic solvents were equilibrated in a separatory funnel with 
O.5N sulfurie acid and then passed through double-layer filter 
paper to remove the small 2mounts of suspended water. The 
solvents were added successively to the top of the column 
through a reservoir, This permitted the application of com 
pressed air which was freed from CO, by being passed through 
a 50¢) sodium hydroxide solution. Pressure was regulated by 
a clamp which maintained a flow rate of about 80 ml per hour. 
The effluent was passed through an automatic siphon device in 
5.8 ml portions into test tubes and then transferred to Erlen 
meyer flasks with a total of 20 ml of distilled water. Two drops 


of 1% phenol red indicator were added to the mixture, It was 
then rigorously agitated while being titrated with 0.01IN sodium 
hydroxide until the end point was reached. 

Paper chromatography. The non-volatile organic acids in 
ecnnned tomato juice were investigated by paper chromato 
graphie methods. The canned juice (Table 3, sample B) was 
freeze-dried to powder under .08 mm Hg for 48 hr. Ten 
grams of the tomato powder was extracted with 100 ml of 95% 
ethyl aleohol, centrifuged, and the alcohol extract decanted. 
The residue was again extracted with 100 ml of 95% ethyl 
aleohol, The combined alcoholic extracts were evaporated on a 
steam bath to remove most of the aleohol. One hundred milli 
liters of distilled water was added, and the mixture filtered 
through a Whatman No, 1 filter paper. The filtrate was passed 
through a Duolite C-3 cation exchanger in the hydrogen form 
to remove metallic exations. After the column was washed with 
100 ml of distilled water to recover all the free acids, the acids 
were adsorbed on a Duolite A-4 anion resin column in the 
hydroxide form. The column was wash °d with 500 ml of dis 
tilled water to remove the sugars and other constituents, The 
acids were recovered from this column with 100 ml of 2N 
NH,OH, and the effluent was evaporated on a steam bath until 
most of the ammonia was expelled. The residue was diluted 
with distilled water to 50 mil, filtered through Whatman No, 1 
filter paper, and then passed through a Duolite C-3 cation ex 
changer column in the hydrogen form, The column was washed 
with 100 ml of distilled water. The combined effluent was 
evaporated on a steam bath to a small volume, diluted with dis 
tilled water to 25 ml, and filtered. The filtrate was used for 
paper chromatography on Whatman No. 1 filter paper. Two 
developing solvent mixtures were used: (a) n-butanol-benzyl 
aleohol-water-9006, formie aeid, (50:50: :1.1 v/v), and (b) 
phenol-water-90% formie acid (75:25: ) (5). Chromato 
grams were developed for 20 hr at The dried chroma 
tograms were sprayed with a 0.04% solution of bromophenol 
blue in 95% ethanol at pH 5.8. 


RESULTS 


Color and chemical composition. The influence of ripeness level 
on the color and chemical composition of fresh tomatoes is 
shown in Table 1, As the tomatoes ripened, the average Agtron 
E readings decreased from 67 (Sample A, firm-ripe) to 34 
(Sample C, soft-ripe), indicating an improvement in red color 
with ripening. When the tomatoes ripened, an inerease in red 
reflectance and a decrease in green reflectance occurred, The 
visual color score of the tomatoes improved as ripening pro 
ceeded, Agtron E readings correlated well with the visual 
color grade and are reliable for grading color of fresh tomatoes, 
The pH of the tomatoes increased from 4.35 to 4.60 as they 
changed from the firm-ripe to the soft-ripe stage. The titratable 
acidity decreased with maturation. The lycopene content in 
erensed from 5.58 mg/100g in firm-ripe tomatoes to 9.13 
mg/100 mg soft-ripe ones. 

Chromatography of organic acids. The organic acids in freeze 
dried tomato juice samples were separated on a silicie acid 
column with n-butanol-chloroform mixtures. A typieal sample 
for organic acids in a juice made from canning ripe tematoes 
s shown in Figure 1. Acetic, formie, pyrrolidonecarboxylie, 
male and citric acids were present, Citrie acid was most abun 
dant, but pyrrolidoneearboxylie acid was present in a signifi 
cant amount. The latter was reported to be formed from glu 
tamie acid or glutamine by ring closure (77). 


TABLE 1 


Influence of ripeness level on color and chemical composition of Pearson tomatoes 


Color by 
Agtron 


reading? 
g 


Visual skin 


Ripeness level 
color score 


Sample 


Firm-ripe 
Canning- ripe 5 


Soft-ripe 


Visual skin colo Excellent 9-10, good 7—, fair 5—6, poor 
2 Color of tomato halves by Agtron E: Well-colored 0—46, fairly 


Lycopene, 


mg/1l00 g 


5.58 
7.87 


coored 7 ff-color 68 or 
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Tube Number 
-25% 35% 
Percent n-Butano! in Chloroform 
Figure 1. Silicic acid column chromatography of organic acids 
in tomato juice. 


The non-volatile organie acids in exanned tomato juice were 
investigated by paper chromatography of the various fractions 
from the silieie acid column. The organie acids were also identi 
fied without separation on a silic’e acid column as deseribed in 
the experimental seetion. The Re values of the various organic 


acids are shown in Table 2. Citrie acid was present in a larger 
quantity than malice or pyrrolidoneearboxylie acid. Laetie, sue 
found on the 


and cis neonithe were not pauper 


chromatograms, 

Influence of ripeness level on organic acid content. The or 
gunie acids of tomato juices processed at various ripeness levels 
Citrie acid was a major organie acid in 
SU.1¢) of the total. As the tomatoes 
ripened, the citrie acid decreased from 0.3460 ¢ in the firm-ripe 


ire shown in Table 3 
tomatoes, and was 73.2 
stage to O.254¢, in the soft-ripe stage. There was a. slight 
increase ino malic aeid from firm-ripe tomatoes 
(Sample A) to O.0230¢> in soft-ripe ones (Sample (). The 
pyrrolidoneearboxylie acid content varied from O.0627-0.0835 
and was 14.6-20.107 of the total organie acids. Acetie acid 
Was present in a very small amount and this deereased slightly 
with maturation. The acetic acid may have been formed from 
de-esterification of the aeetyl groups in the peetin molecule. 
Since the amount of this acid in tomato juice was only 1.0 
of the total organie aeid, it probably has no significant 
influence on the flavor of the juice. 


TABLE 2 


R, values of non-volatile organic acids isolated from 
canned tomato juice 


Solvent 


(b) 
Phenol, 80 g, 
water, 20 ml; 
900% formic 

acid, 1% 


(a) 
n-butanol-benzyl 
alcohol water 
90% formic acid 
(50:50:10;1.1 
v/v) 


Peak No 


Organic acids 


Citrie 
Malice 
Pyrrolidonecarboxylic 


DISCUSSION 


The ripeness level of fresh tomatoes is important 
because it is related to the color, flavor, texture, and 
U.S.D.A. grade of the canned product. Results 
(Table 1) indicate the relationship between ripeness 
level, color, and composition of fresh tomatoes. The 
information gathered here shows a good correlation 
between the Agtron Model E reading and visual color 
This instrument is effective and reliable for 
limiting the amount of poor-colored tomatoes in the 
canned product. 

The pIL value of the tomatoes increased with ripen- 
ing. This explains at least in part why the tomatoes 
harvested during the 1958 season were higher in pli 
than usual. During the middle of that season, the 
weather conditions caused a large pereentage of the 
tomatoes to ripen suddenly in a few days. The can- 
ners were not able to process the tomatoes delivered 
by the growers, and a limit on the maximum dail) 
delivery was imposed. Since a larger amount of ripe 


vrade. 


tomatoes stayed on the vine for a longer time, the 
tomatoes delivered to the canneries from then on were 
overripe. This resulted in an increase in pH of the 
fresh tomatoes. Some canneries reported cases of pHi 
values of 4.6 or even higher, and noted a greater per- 
centage of spoiled canned whole tomatoes. 
sterilization of the heat-resistant microorganisms is 
greatly facilitated at pH values below 4.5, ripeness 
level could be an important factor influencing the pH 
of tomatoes and the conditions necessary for proper 
heat processing. Since titratable acids decrease with 
ripening, acidification of the tomatoes with citrie acid 
to lower the pH below 4.5 would be desirable in pre- 
venting spoilage. 

The decrease in titratable acidity of tomatoes was 
found to be due largely to a decrease in citrie acid. 
Carangal ef al (4) indicated that immature tomatoes 
have a higher volatile aeid and citric acid content. 
They reported that citrie acid increases up to a cer- 
tain point in the ripening stage and then decreases. 
The ripeness level of the fresh tomatoes probably 
determines the amount of citrie acid. 


Since 


The sum of the organic acids was slightly more 
than the titratable acidity (Tables 1 and 3). This 
might be explained by the fact that the method used 
here determines the sum of the free acid and the salt 
form of the organic acids present as ions. The titra- 
table acidity which measured only the total free acids 
might therefore show a lower value than the sum of 
the free and combined acids. 

Rice and Pederson (11) reported that 30% of the 
total organie acid in two-year old processed tomato 


TABLE 3 
Organic acids in tomato juices canned at different ripeness levels 


Agtron FE Acetic 

Ripeness reading 
level of fresh Fresh Dry 
tomatoes 


Sample 


% % % 
firm ripe 
canning ripe 
soft ripe 


0.0048 O.O860 | O.001T8 
O.0014 


1 0.0013 


0.0592 


O.0045 


0.00389 


Formic 


Fresh Dry 
basis basis Total basis basis 


0.03819 
0.0226 


Pyrrolidonecarboxylic | 


Malic } Citric 


y | Fresh Dry 
basis Total| basis basis Total 


Fresh Dry 
Total basis basis 


Fresh Dry 
Total | basis 
% % % % % % % 
0.41 0.0627 1.14 14.6 | 0.0161 0.291 3.73 
1.32 20.1 O.O191 4.60 
0.0640 0.97 1.4 0.0239 O.362 
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In the present 
work, however, the pyrrolidonecarboxylic acid ranged 
from 14.6—20.1% of the total acid. This could be due 
to the difference in processing methods, storage con- 
ditions, and other variables. The work of Dame, Chi- 
chester and Marsh (5) on processed all-green aspara- 
gus supported the theory concerning pyrrolidonecar- 
boxyliec acid formation from glutamie acid or gluta- 
mine. The amount of heat received during processing 
may determine the amount of pyrroli- 
donecarboxylie acid formed. Luh, and 
Leonard (12) found that glutamic acid is the major 
This may explain the 
in canned 


juice was pyrrolidonecarboxylic acid. 


or storage 


Saravacos, 


amino acid in tomato juice. 
of 
tomato juice. 

Results reported by 
acids in tomato juice and tomato products seem to 
conflict. 
ations in samples, analytical methods, storage condi 
tions, or canning procedures. Hillig (7, 8) reported 
the presence of lactie acid in tomato juice, while Rice 
and Pederson (11) noted the presence of acetic, for- 
mic, pyrrolidonecarboxylic, malic, and citrie acids. 
Results of the present investigation agreed with those 
of Rice and Pederson (11), except that the quantity 
of pyrrolidonecarboxylic acid differed slightly. 


presence pyrrolidonecarboxy lic acid 


various workers on organic 


These conflictions could be caused by vari 


SUMMARY 


The influence of ripeness level on organic acids in 
investigated by column 
The Agtron E 
to measure the color of the fresh tomatoes 


Pearson tomatoes has been 


Was used 


The read- 


chromatographic methods. 


ings, based on the ratio of green red reflectance, cor 
responded with the visual color grading and the lyco- 
pene content of the tomatoes. An inerease in pH and 
a decrease in titratable acidity was found to occur dur- 
ing ripening. The importance of these faetors in 
processing canned tomato products is discussed. 
Citric acid was found to be a major organic acid in 
tomatoes, and was about 73-80%. of the total organic 
It decreased rapidly during ripening. Pyrro- 
lidonecarboxylie acid was also an important organic 


acids. 
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Acetie and formie acids 
The im- 


acid in canned tomato juice. 


were found only in very minute amounts. 


portance of these acids to tomato juice quality is 


discussed. 
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THIS DATA SHEET CAN SAVE YOU 


Now—besides its full line of HVP powder and 
liquids as well as MSG—Hercules offers HVP”- 
Century powdered, a total hydrolyzed vegetable 
protein derived from wheat protein. Containing 
100° of all the amino acids derived from the 
hydrolysis with none of the monosodium glu- 
tamate removed, this new product offers the 


possibility of cost savings and processing ad- 


vantages wherever the flavor of well-browned 
beef is desired. 

This new four-page data sheet provides com- 
plete specifications on HVP-Century as well as 
information on how to compute cost savings 
and convert formulations. We'll be glad to send 
you a copy along with a sample of HVP-Century. 


For information, write to 


Huron Milling Division, Virginia Cellulose Department 
HERCULES POWDER COMPANY 


900 Market Street, Wilmington 99, Delaware 
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HERC ULES 
A A 
No. 200 \ 
yvpe-CENTURY pOWDERED 
pe pyarolyzes vegetable protein 
powdered is a total pydrolyzed vegeravle protein derived ; 
{rom wheat protein: it contain® 100% of all the amino acids de rived from the 
be pydrolysis with none of the monosodium glutamate removed: A light 
der, pvP-Century Powde red has the characteristic nyarolyze? vegetavle pro- 
tein flavor in combination® with the accentuating flavor effect conferred by the 
A typical product analysis is give: 
Total flavor solids, 60 
HVP flavor solids ~~ 38% 
MSG flavor solids ~~ 22% 
Salt, Fo 37 
— * 
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Wane technology Flor sherry 
Flor sherry production by submerged culture. (. S. Ough 


and M. A. Amerine 


The conventional method of flor sherry production, grow- 
ing a film of flor yeast on the wine surface under aerobic 
conditions, requires five years or more for a desirable flor 
character to develop. Various trials with larger surface- 
to volume ratios have had such slight suecess that there has 
been little change in winery techniques. The flor character 
has not been chemically analyzed, but experienced tasters 
recognize the odor without difficulty. Aldehyde formation 
during fermentation, having some correlation with the in- 
tensity of the flor character, is a eriterion for chemical 
measure of the flor flaver——a erude system at best. A more 
specific method of analysis is needed. The present studies 
were conducted to define more clearly such conditions of 
production as aeration, alcoholic content of the medium, 
and the effect- on the veast population of initially starting 
an aldehyde fermentation. In addition, critical taste 
study was made to compare flor sherries aged in glass for 
one year and in small oak eooperage for nine months and 
for one year, The fermentation equipment used was tested 
by the sulfite method to show its capabilities for maintaining 
verobie conditions with two types of paddles, by pumping- 
over with spraying through the headspace, and with in- 
creased pressure. The data show that with flat paddles 
nearly L0OG of the oxvgen would be available to the yeast 
with an input of 0.1 liter air per minute under the fermen- 
tative conditions described. Data on the aleohol content of 
aldehyde fermentations show that aleohol content should be 
kept below 15.007 by volume. Correlation between alcohol 
content and the maximum adehydes produced was —0.788, 
highy significant for the range studied, 

Comparison of stirred) versus pumped-over aldehyde 
fermentations show that the rate of aldehyde formation is 
about equal for either method, despite the fewer yeast cells 
in the pumped-over experiment. Investigation of the delay 
in starting an initial aerobic aldehyde fermentation indi 
cates that the cause is a necessary acclimatization period, 
not establishment of a mutant yeast strain. Aging in oak 
cooperage (9 months or 1 year) produced flor sherries 
judged of a better quality than the same wines aged in 
vlass. Data show some of the chemical differences between 
wines stored in oak and glass containers. (See page 155.) 
Chemical inactivation ~~ Enzymes in vegetables 
Chemical inactivation of enzymes in vegetables before 
dehydration. Rachel U. Makower. 
hnzyme inactivation by chemical treatment at room tem- 
perature has been explored as a possible means of obtain 
ing dehydrated vegetables of high quality. The initial 
experiments encouraged further investigations. The present 
paper describes methods developed and used for chemieal 
enzyme inactivation and its testing. Nearly complete in- 
activation of tested enzymes was observed in shredded eab- 
hage and pieces of apple, carrot, and celery which had been 
infiltrated under vacuum with a mixture of acid, aleohol, 
and a surfactant. None of these three components alone 
significantly inactivated the enzymes tested (eatalase, per- 
oxidase, acetyl esterase, phosphatase, and polyphenol oxi- 
dase) under the experimental conditions used. Enzyme in- 
activation increased with decreasing pH of the infiltration 
solution. Strong mineral acids with a pH of 1.5 or lower 
in the infiltration mixture were best enzyme inactivators. 
Anionic, cationic, and non-ionic surfaece-active compounds 
were tested as additives to the acid-ethanol mixture used for 
enzyme inactivation. A number of the surfactants syner- 
gistically enhaneed the enzyme-inactivating action of the 
acid-ethanol mixture. The inactivation of enzymes increased 
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with higher concentrations of the surface-aective compound. 
In general, the anionie surface-active compounds were most 
effective synergistic enzyme inhibitors in the acid-ethanol 
mixture, while the cationic compounds were least effective. 
It is difficult to assess from the available data the relation 
between chemical structure of the surfactant and its effec- 
tiveness in the synergistic inhibition of plant enzymes. Of 
the enzymes tested, peroxidase appeared to be the most 
difficult to inactivate. (See page 160.) 


Pressure-volume relation 
during heat processing 


Film packages 


The pressure-volume relation in film packages during 
heat-processing. G. Davis, M. Karel, and B. E. Proctor. 


This paper outlines investigations made on the internal 
pressure-volume relations plastic containers, and in 
cludes : 
a) Design of laboratory apparatus for the study of the 
pressure-volume relations. 
bh) Procedures used. 
¢) A record of observations made on film packages filled 
with either water or a food product during processing. 


It is considered that the methods described may be suit- 
able not only for use with heat-processed foods, but also 
for studying the pressure-volume relations in the “heat 
and eat” type of food packs. The expansion in volume 
with inereases in internal pressure was studied on pack- 
ages made from several films. Results showed that the 
expansion was sufficient to prevent high internal pressures 
developing during heat-processing. Internal pressures were 
shown to be related to the amount of material and enclosed 
air in packages of given dimensions when processed at a 
given temperature. Excellent agreement between caleu- 
lated and estimated pressures was obtained on packages 
filled with water and processed at 212° F. The possible 
use of this technique as a guide for choosing the correct 
fill-in weights for packages to be heat-processed has been 
indicated, Differential pressures in film containers filled 
with water and several food products during processing at 
temperatures above 212° F under steam pressure were 
found to be relatively small except during the cooling 
operation, Cooling under superimposed air pressure was 
found to avoid the development of high pressures. The use 
of a package attached to a manometer as an indicator of 
the correct air pressure to be maintained during cooling 
has been described. (See page 165.) 


Hlams 


Control of oxidative changes in irradiated hams. [uane 
F. Hougham. 


Irradiation of cured meats leads to certain oxidative 
changes which alter their flavor and color. Although the 
flavor changes are not particularly objectionable, it is 
desirable to control them as much as possible. This paper 
reports data from experiments planned with two objec- 
tives: first, to determine whether hams should be heated 
prior to or at some time interval after irradiation; second, 


Irradiation 


to investigate the use of ascorbie acid and liquid smoke in 
protecting irradiated hams from oxidative changes.  Al- 
though there is no apparent advantage in heating hams 
prior to or immediately after irradiation, it is apparent 
that no long interval of time should lapse between the two 
events. A smoke and aseorbate combination showed some 
antioxidant behavior. The smoke helped to mask the off- 
odors. The presence of ascorbate caused an unnecessary 
loss of nitrite and SH which led to an undesirable loss otf 
pigment. (See page 170.) 
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SOLUBLE FLAVORS 


A New Concept in Pickle Flavor Formulation 


PIK-O-SPICE is a brand new name in the pickle 
processing industry...but one destined to fame! 
For PIK-O-SPICE represents a completely original 
approach to the formulation of pickle flavors...and 
offers to the packer quality spicing compounds plus 
unique processing advantages. Made of pure, top- 
quality D&O essential oil blends in a neutral solvent, 
PIK-O-SPICE FLAVORS are soluble in any water 
medium and may be added direct to the brine in 
proportions of 12 ounces flavor to 100 gallons of 


OUR 161ist YEAR OF SERVICE 


brine. They are available in all popular mixtures 
including Kosher approved blends, and may also 
be developed for private formulas. In addition, 
PIK-O-SPICE 100% flavor oils and gum will be 
provided with complete directions for preparing 
emulsions. Write today for folder giving full 
descriptions and trial quantities of PIK-O-SPICE 
SOLUBLE FLAVORS...the newest development 
in pickle flavor formulation. 


DODGE & OLCOTT. INC. 


ESTABLISHED 1798 


Sales Offices in Principal Cities 


ESSENTIAL OILS 
FLAVOR BASES 


180 Varick Street, New York 14, N.Y. 


AROMATIC CHEMICALS PERFUME BASES 
DRY SOLUBLE SEASONINGS 
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Stability Canned tomato ketchup 


Chemical and color changes in canned tomato ketchup. 
B.S. Luh. 


One of the programs of the Department of Food Science 
and Technology at the University of California, Davis, con- 
cerns factors influencing storage stability of processed 
foods. Interest shown by canners in the stability of canned 
ketchup gave impetus to a study on the effect of storage 
temperature and time on chemical and color changes in 
canned tomato ketehup. Several objective tests for evalu- 
ating storage changes are presented. Canned tomato 
ketehup was made under controlled conditions and stored 
at temperatures varying from 20°C (68° F) to 55°C 
(131° F) for 14 months. The product was tested for chemi- 
eal and color changes during storage. Results indicate that 
chemical changes oceurred rapidly in ketchups stored at 
temperatures higher than 20°C (68°F). Serum color 
darkened and titratable acidity inereased. High storage 
temperatures also contributed to decreases in amino nitro- 
ven and degradation of color. The serum color test was 
found to be useful for detecting poor storage conditions 
in ketehup. To maintain good quality, storage at a tem- 
perature of 20°C (68° F) or lower is desirable. The 
importance of storage temperature on stability and chemi- 
cal composition of ketehup is discussed. (See page 173.) 


Influence on organte acids in 


Ripeness level 
canned tomato juice 


Influence of ripeness level on organic acids in canned 
tomato juice. Fidel Villarreal, B. S. Luh, and S. J. 
Leonard. 


full-fledged line-operated 
pH Meter of remarkable ac- 


curacy at the 
moderate price of 
Write for bulletin #225 to 

PHOTOVOLT corP. 


95 MADISON AVE. NEW YORK 16, N. Y. 


$175. 


(complete incl. electrodes) 


In the present investigation, the silicie acid column chro 
matographic method was used to determine the effect of 
ripeness level on organie acids in canned tomato juice. 
Samples were freeze-dried prior to column chromatogra 
phy. The Agtron E was used to measure the color of the 
fresh Pearson tomatoes. The readings, based on the ratio 
of green/red reflectance, corresponded with the visual color 
grading and the lycopene content of the tomatoes. An in- 
crease in plI and a decrease in titratable acidity was found 
to oceur during ripening. The importance of these factors 
in processing canned tomato products is discussed, Citric 
acid was found to be a major organie acid in tomatoes, and 
was about 73-80% of the total organie acids. It decreased 
rapidly during ripening. Pyrrolidonecarboxylic acid was 
also an important organic acid in canned tomato juice. 
Acetic and formie acids were found only in very minute 
amounts. The importance of these acids to tomato juice 
quality is discussed. (See page 176.) 


FUTURE MEETINGS FOR FOOD 
TECHNOLOGISTS 
1960 

March 11-12 Eighth Annual Food Technology Short Course, 
‘*Impaet of Convenience Foods,’’ Memorial 
Student Union, University of Missouri. Spon- 
sored jointly by the St. Louis and Kansas 
City Sections of IFT with the College of Agri- 
eulture, Columbia, Missouri 
March 24-26 Symposium on Instrumental Methods for 
Analysis of Food Additives, Sponsored by the 
Food Technology Program, Michigan State 
University, National Canners Association, 
American Meat Institute Foundation, and the 
Packaging Institute, Kellogg Center, Michi 
gan State University, East Lansing 
April 4-6 5ist Annual Meeting of the American Oi! 
Chemists’ Society, Baker Hotel, Dallas, Texas 
Dairy Technology Conference: The New Food 
Additives Law and Antibioties and Insecticide 
Residues; Product Judging; Procurement, 
Processing and Management Sessions. Spon 
sored by the Department of Food Technology 
and Divisions of the University Extension, 
University of Illinois, Urbana 


April 12-13 


April 19-21 Research and Development Associates 14th 
Annual Meeting, Congress Hotel, Chicago, 
Illinois 

Twentieth Annual Meeting of the Institute 
of Food Technologists, Fairmont Hotel and 
Masonic Temple, San Francisco, California 


IFT Pacific Rim Conference, Princess Kaiu- 
lani Hotel, Honolulu, Hawaii 

The 3rd Symposium on Gas Chromatography, 
Assembly Rooms, Edinburgh, Seotland 


May 15-19 


May 19 to 
May 25 or 29 


June 8-10 


September 20-23 Pure Food Centenary, Royal Institution of 
Great Britain, London, England 


1961 
May 7-11 Twenty-first Annual Meeting of the Institute 
of Food Technologists, Hotel Statler, New 


York, New York 
1962 
June 10-14 Twenty-second Annual Meeting of the Institute 
of Food Technologists, Fontainebleau Hotel, 
Eden Roc Hotel, Miami Beach, Florida 
1963 
May 19-23 Twenty-third Annual Meeting of the Institute 
of Food Technologists, Pantlind Hotel, Civic 
Auditorium, Grand Rapids, Michigan 


An open invitation is extended to readers of FOOD TECHNOLOGY 
to send in to the Editorial Office, 11606 South Bell Avenuz, Chicago 43, 
a notices of annual or national meetings of interest to f 
t no 
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Digest of Proceedings of Mid-Year 
Executive Committee Meeting 


(December 8, 1959) 


A brief synopsis of the Mid-Year Meeting of the 
Executive Committee of the Council, December &, 
1959, is herewith placed on record. 

Results of the Council Ballot on which recommen- 
dations made by the Executive Committee at the Mid- 
Year Meeting were listed, shows that 45 of 68 Coun- 
cilors returned their ballots. All eighteen of the issues 
submitted to vote were approved by a significant 
majority. 

New Journal Editors. Paul A. Buek, Beatrice Fin 
kelstein, Willard B. Robinson, Kevin Shea, William 
Sulzbacher, and Joseph R. Wagner are the new As 
sociate Editors of Foop and M.A. 
Amerine, Bruce Morgan, C. F. Niven, and William 
Stahl are the approved editorial appointees for Foop 
RESEARCH. 

Publication of Pacific Rim Conference Papers 
Since the Publications Committee, Program Commit 
tee, and Editor have no objection to separate publi 
cation, all papers to be presented at the Pacifie Rim 
Food Conference will be released to the Program 
Chairman of the 20th Annual Meeting. The Program 
Chairman was authorized to arrange for publication 
of some or all of the papers, using his own discretion 
in determining which ones should be released. 

Digest of Official TFET) Business Mectings. In this 
issue and in future issues of Foop brief 
digests of the proceedings of meetings of the Council 
and the Executive Committee of the Couneil will be 
published. Designated committee reports digest 
form will be included. A minumum of space will be 
used in order not to infringe on the technical pages 
of the Journal. 

Program Advisory Committee. A new Program Ad- 
visory Committee is established to make recommenda- 
tions on long range policy in regard to Annual Meet- 
ing Programs. Recommendations shall include: (1) a 
list of the phases of food technology appropriate for 
inclusion in an Annual Meeting Program, (2) limita- 
tions on the number of papers and number of con- 
current sessions appropriate for a given meeting. 
Members will be the current program chairman, in- 


coming program chairman, and four members with 


previous program experience, 


REPORTS 
Treasurer’s Report. Dollar-wise, the Treasurer, Dr. 
Arthur N. Prater, reports a gain from $193,523.17, 
October 31, 1959, to $218,769.82, December 7, 1959. 
Most of this increase is comprised of dues payments 
and advance exhibit fees for the Twentieth Annuat 


Meeting at San Francisco. 


New finer flavor 
Improves sales! 


WALNUT 


with exclusive Walnadyne 


--a synergistic compound 
that gives these advantages - - 


e TRUER FLAVOR 

e HEAT RESISTANT 

DISPERSES READILY 
e GREATER STABILITY 
ECONOMICAL 


BLACK WALNUT NO. 2047 


Used 'A—1 oz PER 100 LB. 
BATCH. Price per galion $4 2.50 
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A council resolution of May, 1958, authorizing a 
supervised agency account, was amended to the effect 
that the Executive Committee of the Couneil may 
authorize the deposit or withdrawai from the account 
of ‘father available funds and the earnings thereon.’’ 
This is a technical correction and no change in the 
meaning or interpretation of the original resolution 
results, 

Finance Committee and the Committee on Consti- 
tution and By-Laws. Two committees shall have a 
‘continuing committee’’ status in the future: the 
Finance Committee, and the Committee on Constitu- 
tion and By-Laws. For the former, the President will 
apoint three members (one annually) to serve a term 
of three years each, to augment the advisory resources 
of the Treasurer and Assistant Treasurer and other- 
wise assist them. 

Two members shall be appointed annually by the 
President to the six-member Constitution Committee; 
they shall also serve for three vears. The President 
shall designate one member as chairman of the latter 
Committee. In line with things constitutional, a 
thorough study of the Constitution will be made with 
the view of removing certain inconsistencies therein. 
It is anticipated that the Executive Committee and 
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the 
only 
UP-TO-DATE 
COMPREHENSIVE 
book 
on the 
subject 


THE SCIENCE OF MEAT 
AND MEAT PRODUCTS 


by the Staff of the AMERICAN MEAT INSTITUTE 
FOUNDATION © = drawings by Evan L. Gillespie 

This book presents in an analytical manner the basic 
scientific principles—physical, chemical, and biological— 
as they relate to the processing and preservation of meat. 
Emphasizing fundamental and modern knowledge it will 
serve either as an introduction for the uninitiated, or as a 
useful reference for the worker in the field. 

Part I treats such fundamental phases of the subject as 
the structure and chemistry of animal tissues, the organo- 
leptic characteristics of meat and its nutritional value, the 
bacteriological aspects, and a critical evaluation of the 
various means of analysis—taste panel, physical, bacterio 
logical, and microscopic. 

Part II relates and applies these scientific principles to 
the numerous procedures utilized in the processing of 
meat. 1960, 450 pages, illustrated, $9.60 


W. H. FREEMAN AND COMPANY 


660 Market St., San Francisco 4, California 


Council will initiate action on proposed changes at 
the Twentieth Annual Meeting in May. 

Committee on Education. According to the Com- 
mittee on Education, results of their July 1959 survey 
indicate that the demand for Food Teehnologists in 
the next five years with the approved type of training 
is more than double the supply of Food Technologists 
that were available during the past five vears. In 
light of this, and of the fact that industry will need 
1000 Food Technologists in the next five years, 
approval has been granted to revise and distribute 
our Career Brochure at a maximum expense of $6000. 
Revision is presently being implemented by the Com- 
mittee. 

Other Committees. There will be no formal fune- 
tion or facility set up by the Institute to translate 
Soviet or other foreign food research literature into 
English. The ad hoe committee on translation recom- 
mended that the Institute continue to keep its mem- 
bers informed through abstracts of overseas research 
in the food field, as it has done in the past, encour- 
aging special contributions whenever a useful pur- 
pose can be served. Existing resources seem adequate 
for the present. 

A complete report of the Ad Hoe Committee to 
Study Ways and Means of Advancing the Science of 
Food Technology will be presented at the May 
meeting. 


ITEMS RELATING TO ANNUAL MEETING OF IFT 


The 1960 Annual Meeting at San Francisco will 
include installation of incoming officers at the Awards 
Banquet ; the Business Meeting will be held immedi- 
ately prior to the Appert Medallist’s address. Fol- 
lowing the Meeting, from May 20-25 will be the 
Pacific Rim Food Conference at which will be pre- 
sented twenty to thirty papers, as well as numerous 
plant tours. 

Future Annual Meetings are tentatively scheduled 
for New York, 1961, Miami Beach, 1962, Grand 
Rapids, 1963, and Washington, D. C., 1964. In view 
of this backlog and the fact that seven other Sections 
have submitted invitations to hold Annual Meetings, 
further invitations will not be considered until a later 
date. 


OTHER ITEMS 

Approval is effeeted for a new Health and Accident 
Insurance for Institute employees. 

Public Relations in the form of news and award 
releases, annual meeting activities, and things of a 
similar nature will be handled at Institute Headquar- 
ters under supervision of the Executive Secretary. 

In order to give appropriate recognition to the late 
Dr. Bernard E. Proctor, the Executive Committee 
moved that a commemorative resolution be prepared. 
The motion was seconded and unanimously approved. 
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News 


Hawaii for Food Technologists 
Over thirty of vour fellow food technologists (and 


some with their families) are already sniffing the 


Island Breezes. Join the following, who are either 
signed up for the Pacifie Rim Food Conference, or 
are on the Committee for the event: 

Dr. and Mrs. H. W. Adams; Dr. E. A. Beavens, 
Fruit & Vegetable Chem’ Lab., USDA; Dr. C. D. Car- 
penter, Carpenter Associates; Mr. Frank B. Doyle; 
Dr. and Mrs. W. F. Geddes; Mr. W. L. Haley, Fisher 
Flouring Mills; Miss Dorothy L. Harrison; Doretta 
S. Hoffman; Dr. and Mrs. Imri J. Hutchings, H. J. 
Heinz Co.; Mr. and Mrs. David E. Lakritz, Florasynth 
Laboratories; Dr. H. Lineweaver, Western Regional 
Laboratory, USDA; Mr. and Mrs. Andrew E. Maren, 


Griffith Laboratories; Mr. and Mrs. Ernest Nord- 
linger, Roy D. Zeff Associates; Dr. J. W. Pence, 


Western Regiona! Lab., USDA; Mr. and Mrs. Carl D. 
Pratt, Atlas Powder Co. 

Mr. and Mrs. Dan .J. Ridenour; Prof. and Mrs. 
W. F. Robertson, Michigan State University; Mr. 
and Mrs. E. Rupp; Dr. and Mrs. Louis Sair, Griffith 
Laboratories ; Dr. and Mrs. R. C. Sherwood, Sterwin 
Chemicals; Mr. R. S. Shumard, Hercules Powder 
Company; Dr. and Mrs. H. L. Sipple; Dr. G. F. 
Stewart, Univ. of California; Mr. W. B. Storey, Univ. 
of California; Mr. and Mrs. C. T. Townsend, National 
Canners Ass’n; Dr. Gladys Vail; Dr. R. I. Vaughn, 
Univ. of California; Mr. and Mrs. Ray B. Wakefield, 
Gerber Products Company; Mr. and Mrs. L. II. 
Walker, The Crescent ; and Mr. and Mrs. R. Wilson. 

Deadline for reservations, April 15. 


WASHINGTON, D. C. 


The Washington, D. C. Section held seven meetings 
during 1959. One was a joint dinner meeting with the 
Maryland Section and one was the annual dinner 
meeting and ladies night. The other five meetings 
were held in the Auditorium of the National Canners 
Association. Eaeh included a business and_ profes- 
sional program followed by a social hour with refresh- 
ments. Outstanding speakers on a variety of technical 
subjects have appeared on the programs as follows: 

February 3, 1959—The membership was privilege. 
to have two speakers from the U. S. Department of 
Interior’s Bureau of Marine Mr. H. L. 
Moore, Assistant Chief, Division of Biological Re- 
search, and Mr. Charles M. Butler, Coordinator of 
the Saltonstall-Kennedy Program of the Division of 
Industrial Research and Services. 

March 20, 1959—Joint dinner meeting of the Mary- 
land Section and the Washington Section was held at 
the Log Lodge, Agricultural Research Center, Belts- 
ville, Maryland. The speaker for the evening was Dr. 
Aksel Olsen, National President of the Institute of 


Fisheries : 
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3 WAYS TO MAKE 
GOOD PRODUCTS BETTER 


Zor Staley’s Monosodium Glutamate brings out 
® the full-bodied goodness of natural meat flavor. 
Try it in your own sausages, canned meats, meat loaves 


and taste the difference a few pennies can make. Easy 
to use, no formula changes. ~ 


Soy Flour—Staley’s improved Meat Packers Soy Flour 
gives your meat products better appearance, better tex- : 
ture, less shrinkage. Superior blending properties. Easy 
to use. Retains more fats and moisture for better eating. 


Hydrolyzed Vegetable Protein —Staley’s new flavor 
discovery builds eye-appeal too! Natural flavor building 
characteristics never upset delicate flavor balance. You 
get better meat products and enjoy better meat sales, 


See the Man from Staley's for further details on these and 
other profit-building products for the Meat Packing In- 
dustry. Or write direct for more information, 


A. E. STALEY MFG. CO., DECATUR, ILL. 
Branch Offices: Atlanta * Boston © Chicago * Cleveland © Kansas City 
® 


New York © Philadelphia Sanfrancisco © St. Louis 
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Food Technologists in 1959, whose subject) was 
dustrial Research and Research Planning.”’ 

May 8, 1959-——Dr. Oral L. Kline, Direetor, Division 
of Nutrition, Food and Drug Administration, U.S. 
Department of Tlealth, Education, and Welfare, spoke 
on ‘Nutrition Activities in the Food and Drug Ad- 
ministration.” 

A second speaker, Miss Jean MeNaughton, Regional! 
Nutrition Officer, Food and Agriculture Organization 
of the United Nations, described **Current Develop 
ments in FAQ Food Technology Programs.”’ 

June 30, 1959—Two speakers, Mr. Fred Hillig of 
the Division of Foods, Food and Drug Administra- 
tion, U.S. Department of Health, Edueation, and 
Welfare, spoke on ** Chemical Indices of Decomposi- 
tion in Cod’’; Mr. Cleve B. Denny of the National 
Canners Association, Washington, discussed 
Preliminary Studies on the Heat Inactivation of 
Staphylococcus Enterotoxin. 

September 29, 1959—The speaker for the evening 
meeting was Dr. Dale R. Lindsay, Assistant Chief, 
Division of Research Grants, National Institutes of 
Health, Department of Health, Education, and Wel- 
fare Ile spoke on the subject of ** Public Health 
Service Research Support in Food Science and Teeh- 
nology.’ Dr. Lindsay gave an interesting report on 
the administration of research grants agd the N.LEL 
program of research in the area of processing and 
quality, insecticide residues as food contaminants, 
food additives, and effects of processing on additives. 

October 29, 1959—The program consisted of three 
firsthand research reports on the following subjects : 
‘Preliminary Studies on the lsolation and Characteri- 
zation of Meat Flavor Components,”” by Irwin Horn- 
stein, Meat Laboratory, Eastern Utilization Research 
and Development Division, U.S. Department of Agri- 
culture; Bacteriological Survey of Preeooked Frozen 
Koods,’’ by Shelton, Food and Drug Adminis- 
tration, Department of Health, Education, and Wel- 
fare; Recent Studies in Pectin Research,’’ by Esam 
Ahmed, Department of Horticulture, University of 
Maryland. 

December 4, 1959 (Annual dinner meeting and 
ladies night )—Mr. Ray B. Wakefield, President of the 
Institute of Food Technologists and Director, Re- 
search and Quality Control, Gerber Products Com- 
pany, gave an interesting and informative talk on 
the subject ‘Babies are Important People.”’ 

Career Days—A committee on ‘‘Career Days”’ has 
been appointed to work with the University of Mary- 
land on a program for 1960 to create interest in food 
technology among high school students, 

Convention—!lans are being made by the Washing- 
ton and Maryland Sections who will be co-sponsors of 
the 1964 Annual Meeting of the Institute of Food 
Technologists to be held in Washington, D.C. 

The Washington Section had 150) members in 
December 1959 and hopes to increase its membership 
in 1960. 

Elsie H. Dawson 


34 


MARCH, 1960 


INDIANA 


The March Meeting of the Indiana Section will be 
held Monday evening, March 21, 1960, at Turners 
Athenaeum, 401 East Michigan Street, Indianapolis, 
Indiana. The social hour begins at 5:30 p.m. E.S.T. 
and dinner will be served at 6:30 p.m. E.S.T. Dr. 
Bruce Morgan of the Continental Can Company will 
be the featured speaker for the evening. 

The Indiana Section is encouraging all members to 
display their national membership certificates in their 
office or laboratory. Mr. Seb Davin is in charge of 
this project. We hope by this method to enhance the 
stature of the Institute of Food Technologists through 
out the State of Indiana. 

Section members worked on a display in the Me- 
morial Center at Purdue University. The display 
showed the steps in can making and the different 
types of enamels. The cost of producing a single can 
of one product was broken down and shown in pic- 
ture form. Another portion of the display indicated 
the education needed to be a Food Technologist. Spe- 
cial emphasis was given to the need for a good back- 
ground in math, chemistry, physies, microbiology, and 
food processing, It is hoped that displays such as 
these will influence high sehool and beginning col- 
lege students to consider the possibilities for educa 
tion and employment in the food industry. 


BRITISH COLUMBIA 


A most interesting plant tour on January 12 was 
enjoyed by 45 members and their guests as they in 
spected the new Lake City Plant of Nabob Foods in 
suburban Vancouver. 

Mr. John Walters, Director of Manufacturing, 
pointed out that this plant produced Nabob Tea, 
Coffee and Squirrel Brand peanut butter, although 
other products are warehoused and shipped from 
here. Mr. Walters conducted the tour through the 
single story-straight line flow factory and warehouse. 

Many examples of new techniques were observed. 
Pneumatic conveyors, wet dust collection systems, 
automatic electronic batch weighing equipment, auto- 
matic tea bag machines, ete., contributed to the effi- 
ciency of this well laid out modern plant. 

The company kindly provided coffee and refresh- 
ments in the cafeteria, and Mr. Walters answered 
further questions. E. Watson thanked Mr. Walters 
and his company on behalf of the group. 


CHICAGO 


At the January Meeting of the Section, Mr. James 
W. Bannon of Booz, Allen and Hamilton, Manage- 
ment Consultants, spoke on new product development. 
Mr. Bannon went about describing the organization, 
planning and development of new products in a very 
methodical fashion, segregating various components 
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of this complicated process into the area of responsi- 
bility and decisions needed from management, mar- 
keting, research and sales. The first step in any new 
product development program must be made by top 
management, which has the responsibility of defining 
the area of interests of the company and consequently 
the kind of products which could be successfully mar- 
keted by the company. Mr. Bannon maintained that 
failure to do this can cause a grevious waste of talent 
and effort. To illustrate his point, he showed that 
when independent inventors develop ideas and sub- 
mit them to management, very few of these ideas ever 
bear fruit, largely because the outside inventor is un- 
acquainted with the product needs and desires of the 
company. Need for critical decision making at a very 
early stage of any product development program was 
pointed out with great emphasis. These decisions 
should concern profit potential, ability of the company 
to make the product and merchandise it, as well as 
availability of technical and sales personnel. If these 
facts are not examined early in the history of any 
new product idea, product development work is some- 
times undertaken without the company ,having the 
ability to either make or sell the item. Mr. Bannon 
also pointed out various steps needed to conduct sue- 
cessful acquisition or merger operations, as well as 
time and cost factors involved at various stages of the 
development of an idea into a product. 


S. CALIFORNIA 


Neither flu, smog, nor Virus M could hold down the 
attendance of the Southern California IF T’ers as 
they met at Roger Young auditorium January 20, 
1960. 

The gavel was turned over by out-going chairman 
Henry Espoy to in-coming chairman Gordon Miller, 
who in turn presented the out-going chairman with a 
seroll for his outstanding vear during 1959. After the 
treasurer's report and a resume of meetings to 
come (featuring National [FT President-Elect 1. J. 
Hutchings at the March 16th meeting and later on 
in the year an all day meeting in Long Beach). Henry 
Espoy, formerly of Barnett Laboratories in Long 
Beach and presently with Terminal Testing Labora- 
tories, Inc., delivered the feature talk of the evening 
on the subject ‘*Color In Your Foods.”’ 

Mr. Espoy traced the progress in color in’ foods 
from its inception to present day conditions, The 
complete procedure of certification of coal-tar colors 
was covered as was the story of the delistment of 
Orange No. 1, Orange No. 2, and Red No. 32. Mr. 
Espoy explained how D&C No. 14 had been used tem- 
porarily and that now Citrus Red No. 2 was approved 
for use by the citrus industry in some sections of the 
country until Sepetmber 1961. It was further stated 
by Mr. Espoy that the cut off date on the usage of 


Yellow No. 1, Yellow No. 2, Yellow No. 4, and Yel- 
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low No. 3 had been extended till April 6, 1960. The 
Color Additive Amendment was discussed as were 
recent trends and new innovations in natural colors 
such as Carotene and Annatto. The group was In- 
formed by Mr. Espoy that future Carotene would be 
made from raw materials containing from two to 
three times as much color and that manufacturing 
procedures would make a new and superior type of 
Carotene available. 

Chairman Gordon Miller announced that the fol- 
lowing members had agreed to serve as officers during 
1960: Vice Chairman—Dr. Cora Miller, Department 
of Home Economics, UCLA; Secretary—Bob Me- 
Grath, Chas. Pfizer Company ; Treasurer—Clive Ross, 
Firmenich Company 


DK. Wright 


FOOD ADDITIVE NEWS 


The 1959 Joint National Conference of Food and 
Drug Administration and the Food Law Institute, Inc. 
was held in Washington, November 16 and 17, 1959. 
More than seven hundred people attended the two- 
day meeting at which important problems under the 
Food Additive Amendment and Federal Food, Drug, 
and Cosmetic Act were discussed by representatives 
of FDA, industry, and consumer groups. The com- 
plete proceedings of the meeting are being published 
in the Food, Drug, Cosmetic Law Journal, starting 
with the December, 1959, issue. 

The annual meeting of the Food Protection Com- 
mittee, National Research Council, and the Liaison 
Panel was held in Washington, December 9 and 10, 
1959. A feature of the meeting was a symposium on 
‘Special Problems in the Toxicology of Food Addi- 
tives’’ under the chairmanship of Dr. J. M. Coon, 
Jefferson Medical College. Dr. J. M. Barnes, Director, 
Toxicology Research Unit, Medical Research Couneil 
of Great Britain was the speaker at the annual dinner. 

The Food Protection Committee has prepared two 
new reports, ‘‘Problems in the Evaluation of Carei- 
nogenic Hazard from the Use of Food Additives,’’ 
and ‘*Principles and Procedures for Evaluating the 
Safety of Food Additives.’’ Printed copies of both 
reports will be available shortly from the National 
Research Council, 2101 Constitution Avenue, Wash- 
ington, D. C. Two active projects of the Kood Tech- 
nology Subcommittee include the revision of **The 
Use of Chemical Additives in Food Processing’’ (the 
so-called ‘‘Green Book’’) and the preparation of a 
statement on functions and benefits of food additives. 

New officers for the Industry Committee of the 
Industrial Liaison Panel include L. H. Burt, Chair- 
man, Hercules Powder Co., Wilmington 99, Delaware ; 


Kk. F. Binkerd, Vice-Chairman, Armour & Company, 
Chicago 9, Illinois; R. L. Hall, Secretary, MeCormick 
& Co., Ine., Baltimore 2, Maryland. 
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Literature 


BOOKS 


CONVERSION Facrors AND TECH 
Dara ror THE Foop INpUs- 
wry. Compiled by C. G. Harrel and 
R. J. Thelen. 6th Edition. Burgess 
Publishing Minne 
apolis 1959, 

This book contains a compilation 


Company. 


1426 pages. 


of a vast amount of data, and con- 
version factors from a wide range 
of subjects. As might be expeeted 
from the technical backgrounds of 
the compilers, much of the infor 
mation presented deals specifi 
cally with cereal and baked prod- 
ucts. To the best of my knowledge, 
this is the first time so much useful 
data, specific to the food industry, 
has been compiled into one book. 
The data are presented in 14 
major subject areas. These in- 
clude : 
urements and equivalents; 
general 
bakery data; plant and plant 
equipment, nutrition; tempera- 
tures. Much of this information 
will be quite familiar to the reader. 
Hlowever, there is a great deal of 


conversion factors 
foods 
ingredients ; 


and = food 


interesting subject matter set forth 
in an easy-to-read and clear man- 
ner. In any book of this size, the 
subject index is of importance. In 
this book a fairly complete, well- 
detailed index is given. Without 
it, the voluminous data would be 
useless. 

It would be 
me, in a short review such as this, 


presumptuous of 


to attempt a detailed discussion of 
the subject matter but certain 
topies are worthy of note. There is 
an excellent chapter on analytical 
and physical data on foods, con- 
taining about 150 pages of refer- 
ence tables in food composition. 
The section on nutrition discusses 
the nutrients in foods, and should 
help to answer the many questions 
arising in this most important as- 
pect of our business. 

The chapter on temperatures, 
among other things, contains an 
interesting listing of ‘‘important 
temperatures to remember.”’ Be- 
yond this each reader will find, de- 


pending upon his interest, other 
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areas which summarize 


data useful to his field. 


subject 

As mentioned previously, this 
book is weighted in the area of 
cereal and baked products. Besides 
this, some of the information pre- 
sented may SOOT become. or per- 
haps already has become obsolete. 
The seetion on Federal Standards 
of Identity is) presented in a 
limited way. Since this is a con- 
stantly urea, this ma- 
terial perhaps should be left to 
other publications which ean de- 


uv 
changing 


vote more space to a more complete 
coverage, 

This book is recommended as a 
reference book for all persons in 
the food and allied industries 
whose require them to 
have available a ready souree of 


positions 


information on technical or seien- 
tifie subjects. Although all of the 
information will not always be of 
value, there is enough to suit each 
individual to make the purchase 
price worthwhile. | have already 
found the answers to a number of 


problems in my copy. 


CHARLES FELDBERG 
Brooklyn, New York 


LITERATURE ON 
FOOD RESEARCH 
AND TECHNOLOGY" 


Commodities 


las Getreide. Matei Robrlieh and Bern 
hard Briickner. Berlin, Verlag A. W. 
Hayn’s Erben. 1959. 2 vols. 394 p., 
90 illus., 2 color pl. 121 tables. DM. 
50.50. General survey of technology, 
current researches and their applies 
tions for cereal grains. 

Vilk and milk products in human nutri- 
tion, Stanislaw K. Kon. Rome, Food 
and Agriculture Organization of the 
United Nations.” (FAO Nutritional 
studies no. 17). 1959. 25 p. paper, 
$0.75. 

Olive oil. Rome, Food and Agriculture 
Organization of the United Nations." 
(Commodity reports; fats and oils no. 
8). July 1959. 34 p. paper, $0.25. Re- 
view and prospects of production and 
consumption. 


* Material for this list should be sent to 
Walter L. Necker, Assistant Librarian, Quar 
termaster Food and Container Institute for the 
Armed Forces, 1819 W. Pershing Road, Chi 
cago 9, Illinois. 

» Available in the U.S.A. from Columbia 
University Press, International Documents 
Service, 2960 Broadway, New York 27. 


Re port of the fourth session of the FAO 
group on grains to the committee on 
commodity problems. Rome, Food anid 
Agriculture Organization of the United 
Nations.” 1959. 32 p. paper, $0.25. 
Statistics, trends and international 
agreements. 

Rice, Food and Agriculture Organization 
of the United Nations.” 
reports no. 10). August 1959. 67 p. 
paper, $0.25. Review of, and trends in, 
rice production, export, ete. 

Zucker und Zuckerwaren. Albrecht 
Rinecke. Berlin, Verlag A. W. Hayn’s 
Erben. 1959. 140 p. DM. 19.50. 


(Commodity 


General 


Australian and South African canned de 
ciduous fruit Frank C. 
Elliott. U. S. Department of Agricul 
ture, Foreign Agricultural 
publication M61. 1959. paper, 24 p. 
Apply to Service, Washington 25, D.C. 

lutomating the Manufacturing Process. 
George F. Hawley. N. Y., Reinhold. 
1959. 147 p. $4.95. 

Chemistry as a profession. J. 1. Rieb 
somer. Cambridge, Mass., 
Publishing Co. (Voeational and pro 
fessional monographs no. 104). 1959. 
20 p. paper, $1.00. Another in the 
series of guides to vocations. 

Evaluation of protein nutrition. Wash 
ington, Committee on amino acids, Na 
tional Research Couneil, publication 
711. 1959. 61 p. paper, $2.00. 


industries. 


Service 


Bellman 


Factors influencing the palatability, vita 
min content, and yield of cooked beef. 
U. S. Department of Agriculture, 
Home Economies Research report no. 9. 
October 1959. 83 p. paper, $0.50 (from 
Superintendent of Documents, Wash 
ington 25, D. C.). 

Food for survival after disaster. Ray 

Hutchinson. N. Y., Cam 

1959. 90 p. 


mond C, 
bridge University press. 
$2.75. Food for survival after airplane 
aecidents, ship wrecks, ete. 

Outlines of Enzyme Chemistry. 2nd ed. 
J. B. Neilands and Paul K. Stumpf. 
N. Y., Wiley. 1959. 411 p. $8.50. 

Review of food consumption surveys. 

Rome, Food and Agriculture Organiza 

tion of the United Nations.” 

107 p., ea. 100 tables. Breakdown of 

budget amounts, percentages, by types 


1958, 


of food for many areas of the world, 
based on published sources. 

The Sequestration of Metals. Robert L. 
Smith, B.Se., Ph.D. N. Y., 
The Maemillan Company. 1959. 256 
pages. $8.50. After defining and ex 
plaining the nature of sequestration, 
the chelate ring, ete., industrial appli 
eations including those in the agricul 
ture, food, beverage, pharmaceutical in 
dustries are considered. 

Statistical forecasting for inventory con 
trol. Robert G. Brown, N. Y., Me 
Graw-Hill. 1959. 232 p. $7.75. Prin 
ciples of forecasting maximum reason 
able demand. 
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ABSTRACTS 


General Foods Research Center 
Selected by H. A. Campbell 


ANALYTICAL METHODS 


Paper chromatographic investigations of 
cereal extracts for substances of the 
tannin group. 


TIEMANN, F. AND BLUMENBERG, F. W. 
Arztl. Forsch. 13, 1/193-1/195 (1959). 

Paper chromatographic investigations 
of wheat, rye, barley, oats, and maize 
indicated that only barley contains the 
tannin-like substances galloecatechin and 
epicatechin. Wheat, rye, and barley con 
tained mixts. of flavone-flavonole corre 
sponding to chrysin-galangin or apigenin 
camphor oil. Chlorogenic acid could be 
identified in all cereals. 


Nuclear magnetic resonance spectra of 
alkaloids. I. The complete structure 
of lunacrine and lunine. 


Goopwin, 8., SHootery, J. N. AND 
JoHNsOoN, L. F. (Natl Heart Inst., 
Bethesda, Md.). J. Am. Chem. Soc. 81, 
3065-9 (1959). 


The structure was proposed for luna 
erine, the principal leaf alkaloid of Luna- 
sia amara Blanco, on the basis of chemi 
eal, u.v., 
studies. The complete proof of structure 
by means of nuclear magnetic resonance 


and nuclear magnetic resonance 


spectroscopy of lunacrine and the com- 
panion alkaloid lunine is presented. 


The effect of Tween 80 on pH indicators. 


SARGENT, J. D. WALKER, J. R. L. 
(Massey Agr. Coll., New Zealand). Lab. 
Practice 8, 343 (1959 

Tween 80 in econens. of 0.1% and 
0.2% eauses changes in the eolor of 
bromthymol indicator giving false pH 
readings at pH’s of about 7. 


BIOLOGICAL SCIENCES 
Biochemistry 


The enzymic decomposition of cellulose. 


HALLIWELL, G. (Rowett Research Inst., 
Aberdeen, Scotland). Nutrition Abstr. 
and Revs. 29, 747-59 (1959). 

The present state of knowledge of the 
degradation of cellulose by cellulolytic 
organisms is reviewed with regard to 
mechanisms, rumen microorganisms, estn. 
of the amt. of cellulose decomposed, and 
types of cellulases, 


Diet and the action of cortisone on pro- 
tein metabolism. 


GoopLap, G. A. Munro, H. N. 
(Univ. of Glasgow, Seotland). Biochem. 
J. 73, 343-8 (1959). 

The effect of cortisone on nitrogen 
balance and on liver protein and ribonu- 
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cleic acid content has been studied on 
rats receiving diets varying in protein 
and in energy content. The catabolic ac 
tion of cortisone on the body as a whole 
was independent of the protein and 
energy content of the diet, whereas the 
anabolic action of cortisone on the liver 
was greater when the dietary energy in 
tuke was high. It has been concluded that 
loss of protein from the ecareass after 
cortisone administration 
greater supply of amino acids for other 
organs and in consequence protein syn 
thesis in these organs and urea formation 
are increased. 


results in a 


Sulfhydryl-disulfide interchange. 


JENSEN, E. V. 
(1959). 


Science 180, 1319-23 


It has recently become evident that 
disulfide rearrangements take place in 
the absence of added reducing and oxi 
dizing agents and appear to be chain- 
type reactions initiated by very small 
amts. of SH compds. This article sum 
marizes reported examples of sulfhydryl! 
disulfide interchange phenomena in an 
attempt to expain aspects of protein de 
naturation, blood clotting and mitosis. 


A lipoperoxidase factor in soya extracts. 


BLAIN, J. A. AND Sty.es, E. C, 
Coll. of Sci. and Technol., Glasgow, Scot 
land). Nature 183, 1141 (1959). 


(Royal 


The oxidation of linoleate by cyto 
chrome ¢ and by lipoperoxidase were com 
pared in order to det. whether exts. of 
soybean and other plant materials owe 
some of their unsatd. fat oxidase activity 
to the presence of hematins as well as to 
lipoperoxidase. It was concluded that 
eytochrome e¢ bleaches carotene by the 
destruction of preformed peroxide rather 
than by the coupled concurrent oxidation 
of linoleate, whereas the lipoperoxidase 
causes increase in conjugated diene in 
the presence of S-carotene. Hematins and 
lipoperoxidase were most active at pH 
of 3.8 and 5 to 6, resp., showing a dif 
ferent response to H ion conen, A differ 
ence in activity between buffer exts. and 
water exts. of soybeans was also noted. 


Linoleic and linolenic acids: Their oxida- 
tion by normal and diabetic rats. 


Lossow, W. J. anp Cuatkorr, I. L. 
(Univ. of California, Berkeley ). Proe. 
Soc, Exptl. Biol. Med, 101, 857-60 
(1959). 


Oxidation of linoleic and _ linolenic 
acids, both randomly labeled with C”, to 
CO, was compared in fasted and glucose 
fed normal rats; normal and diabetic 
fed rats; and insulin-treated and un 
treated diabetic fed rats. Administration 
of glucose spared oxidation of both lino 
leic and linolenie acids. Oxidation of 
linoleic acid by ad lib.-fed diabetie rat 


exceeded that by similarly fed normal 
rat. Insulin spared oxidation of poly- 
unsatd. fatty acids in the diabetie rat. 


Biosynthesis of fatty acids and cholesterol 
considered as chemical processes. 


CORNFORTH, J. W. (Natl. Inst. for 
Med. Research, London, Engl.). J. Lipid 
Research 1, 3-28 (1959). 


A survey from the viewpoint of an or 
ganic chemist, of the processes leading to 
biosynthesis of fatty acids and of choles 
terol. 120 references. 


Microbiology 


Studies on the bacteriological quality of 
frozen meat pies. IV. Longevity 
studies on the coliform bacteria and 
enterococci at low temperatures. 


KERELUK, K. AND GUNDERSON, F. 
(Campbell Soup Co., Camden, N. J.). 
Appl. Microbiol. 7, 327-8 (1959). 

Sterile chicken gravy samples inocu- 
lated with equal numbers of Escherichia 
coli, Aerobacter acrogenes, Streptococcus 
faecalis and Streptococcus faecalis var. 
6° F. The 


coliforms decreased whereas the entero 


liquefaciens were stored at 


eocci remained relatively const. Aerobac 
ter aerogenes aud 8S, faecalis var. lique- 
faciens were more resistant to the lower 
temp. storage than were E£. coli and 8. 
faecalis. 


Ethylene oxide sterilization of spores in 
hygroscopic environments. 


OpreL), J. B., Honumann, J. P. ann 
LATHAM, A. B. (Cutter Labs., Berkeley, 
Calif.). J. Am. Pharm, Assoc, 48, 617-19 
(1959). 


Bacillus globigii spores were exposed 
to ethylene oxide after being dried on 
several types of surfaces. The viability 
tests, after exposure, showed significant 
eflects were produced by the presence of 
the hygroscopic substances, glycerin, and 
filter paper. Absence of hygroscopic sub- 
stances appeared to increase the resist- 
ance of B. globigii spores to gaseous 
ethylene oxide sterilization. 


Nutrition 


A comparison of several methods for esti- 
mating the nutritive value of proteins. 


Rippon, W. P. (Australasian Food 
Research Labs., New South Wales). Brit. 
J. Nutrition 13, 243-60 (1959). 


Protein quality has been estd. from (1) 
nitrogen-balance methods, (2) change in 
body-wt. and ratios, 
(3) changes in carcass N, (4) changes 
in liver N, (5) analysis of the protein 
for amino acids, and (6) changes in the 
ereatinine:N ratio in urine. Measure- 
ment of N balance by the balance-sheet 
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method seemed the most reliable pre 
vided l N intuke was maintained at 
the same level for all tests and (2) the 
metabolic feeanl and urinary N of) the 
test animals were detd. before each test 


In addn. to biol value, this method also 
makes available other useful values such 
i net protein utilization and true «i 


westibility 


Evaluation of protein in foods. IV. A 
simplified chemical score. 


J. er an. (Dept. of 
Natl Health ined Welfare, Ottawa, 
Can.). Can, J Biochem Phusiol 


1293-9 (1959 


It is shown that simplified chem, 
score, based upon the Lysine, methionine, 
md evstine content of foods, correlates 
well with results of detns. on the 
sume foodstuffs, and henee, be use 
! sample sereening procedure for 


the evaluation of protein in foods 


The experimental production of arterio- 
sclerosis: Response of the avian ar- 
tery to intramural cholesterol and 
other insoluble substances. 


AND 


Nersky, M. CLArKsoN, T. 
(Wake Forest Coll, Winston 


STOKES, 
Salem, fm. J. Pathol >, 


The injeetion of cholesterol into the 
wdventitin of the avian artery eaused a 
renetion consisting of foreign giant 
cells, cholesterol slits, “mits, 
of connective tissue, Free fat was abun 
dant in the tissue spaces and within 
macrophages at the site of injeetion. 
The intramural injection of paraffin 
BaSO, induced a response at the site of 
injection which differed from that enused 
by cholesterol, The response was largely 
of lymphoeytes when paraflin was in 
jected, and of connective tissue with 


Efiect of a high-fat diet on growth and 
blood sugar of the rat. 


Ferrer, BE. AL (Brook 
Coll, No Metabolism: Clin, and 


rpll. 762-8 (1959 


Young female rats on a high-fat diet 
grow better and have blood sugar levels 
about 20 higher than those fed a 
low-fat, high-earbohydrate diet. After 
adrenalectomy the blood sugar levels in 
the rats fed high-fat diets become more 
like the normal values reeorded for the 
rats on a high-earbolhydrate diet. It is 
suggested that a high-fat diet may stimu 
late secretion of anterior pituitary hor 
mones and thereby indirectly enuse in 
ereased production of adrenal cortien! 
hormones, which could induee a high 


blood sugar. 
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Rice intolerance in infants: masked food 
allergy? 


JOHNSTONE, fan. Allergu 


(1059 


Infants with « positive family history 
ef allergy show a high susceptibility to 
rice intolerance and to subsequent de 
velopment of major respiratory allergies. 
Symptoms manifested inelude colie, diar 
rhea, rhinorrhea, cough, wheezing and in 


crensed hunger, 


The effects of a soybean product on thyroid 
function in humans. 


Van J. J.. ev au. (Univ. of 
North Carolina, Durham). Pediatries 24, 


(1959 


Studies relating to the development of 


and hypothyroidism in an infant 


goiter 
fed a soybean milk-substitute product 
suggest that goitrogenie agent was 


present in the produet causing in 


crensed iodine requirement due te im 
paired thyroid hormone synthesis. Tn 
vestigations indieate that different lots 
of soy vary widely in this respect and 
that heat trentment lessens, but does not 


nbolish, the goitrogente effects 


Improvement in nutritional value of peas 
by cooking. 


W., Jensen, L. S. AND 
WeGinntis, J. (Washington State Univ., 
Pullman). Proce. Soe. Exptl Biol, Med, 
12, (1959 


Growth and feed utilization of chicks 
and poults fed diets contg. high levels of 
peas (P. sativum) were markedly im 
proved by cooking or autoclaving peas 
prior to mixing into diets, Greatly in 
creasing ealorie content of diets by add 
ing tallow did not give a growth response 
comparable to that obtained by simply 
cooking the peas, Alkali-insol. fractions 
of peas depressed chick growth but al 
kali-sol. fractions did not. It is suggested 
that peas contain a growth inhibitor for 
binds that is) inactivated by heating 


treatments employed. 


Iron. I. Absorption and metabolism. A 
review of recent contributions. 


Wooprurr, W. (Vanderbilt) Univ., 
Nashville, Tenn.). Borden’s Rev. of Nu 


frition Research 20, 61-73 (1959). 


Several studies have shown that the 
amt. of medicinal iron absorbed varies 
inversely with the bulk of the meal with 
which it is fed. Studies have also indi 
eated that children show relatively 
higher retention than adults, and = that 
there is little difference in iron absorp 
tion in normal and anemie children, Ex 
cept in unusual cases of hypochromie 
anemia in infaney and early ehildhood 
there is little likelihood that the adminis 


Other outstanding RCA 


Automation 
Equipment 
for the Food Industry 


COMPACT BOTTLE 
UNCASER 


Mode! H-300 _ 


Low-priced unit uncases wide range of 
bottle sizes at speeds as high as 300 bottles 
per min. No air or hydraulie connections 
needed. Used with any standard filing table. 
New 600 bpm unit will soon be available. 


HIGH-SPEED BOTTLE AND CAN 
UNCASER Model MBU-2 


This high-speed unit handles a wide range 
of ean, jar and bottle sizes (packed in single 
tier cases)—-at speeds up to 30 cases per 
minute. No changeover necessary toswitch 
from cans to bottles of same dimension. 


PALLET LOADER AND PALLET 
UNLOADER 


Straight-stack all standard cases and bot- 
tle sizes without mechanical adjustment, 
at speeds up to 30 cases per min. De- 
signed for 36” x 36”, 36” x 48”, and 
36” x 60” standard pallets. Can be fur- 
nished for other sizes. Available indi- 
vidually, or in combination. 

Get full particulars on any or all of 

these items from RCA, Dept. E-356, 

Building 15-1, Camden, N. J. 


Tmk(s) ® 
RADIO CORPORATION OF AMERICA 
INDUSTRIAL AND AUTOMATION DIVISION 
CAMDEN, N. J. 
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ANOTHER WAY RCA 
SERVES INDUSTRY 
THROUGH 


-.»GATEWAY TO SAFETY FROM TRAMP METAL 


ke 


Now... for as little as $1000 you 
can guard your product against tramp 
metal... with an RCA Metal Detector! 


This new low-cost RCA Electronic Metal Detector 
is designed specifically to meet the requirements of 
the food industry. It is highly sensitive to metallic 
particles, non-magnetic or magnetic, yet is ruggedly 
built. The waterproof aperture of the Metal Detector 
can be hosed down without damaging the circuitry. 
Bi-sectional construction simplifies installation 
around your conveyor line. 


Five standard aperture sizes are available for inspect- 
ing bulk or packaged products at conveyor speeds of 


15 to 600 feet per minute. Tramp metal—even as 
small as five hundredths of an inch in diameter—is 
readily detected. 


An investment of as little as $1000 gives you this safe- 
guard of product purity and reduces the possibility 
of customer complaints and claims. The Metal De- 
tector also protects expensive production machinery. 
By preventing losses and downtime due to tramp 
metal it can pay for itself out of savings. 


Get all the facts about the new low-priced RCA Electronic Metal Detector. Write to 
RCA, Dept. E-356, Building 15-1, Camden, N. J., and we'll rush details to you. 


RCA ELECTRONIC 
METAL DETECTOR 


Prices start at $1000 


Tmk(s) & 


RADIO CORPORATION 
of AMERICA 


CAMDEN, N. J. 
In Canada: RCA VICTOR Company Limited, Montreal 
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propucts NOW! 


CHEMOCIDES MK ani PK 


(methyl and propy! esters 


of p-hydroaxybenzoic acid) 


Accepted as safe— 
under Food Additives Amendment 


Effective in acid, neutral and alkaline 
pH ranges 


More active against molds, yeast and 
bacteria 


In addition to inhibitory action—can 
be bactericidal and fungicidal 


Soluble in aqueous and organic media 


Calcium or sodium salts available 
experimentally for increased water 
solubility 


Completely stable in storage ( } 


Chemocides MK 
and PK, and their 
sodium and calci- 
um salts, are im- 
mediately avail- 
able. For addi- 
tional data and 
samples write our 
Technical Service 


Department. 
CENTURY 


CHEMICAL 


CORPORATION 
60 E. 42nd St., New York 17, N. Y. 


CHEMO 
PURO 
Subsidiary of ... 
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tration of copper will increase the effee 
tiveness of iron supplements. The claim 
that cobalt improves the utilization of 
iron is doubtful. There is no evidence 
that the various organie iron examples 
which have been introduced in the last 
few years are more effeetive than ferrous 
sulfate. 


Toxicology 
Methyl alcohol in fermented beverages. 


ANON. Assoc. of Food and Drug Office. 
Quart, Bull, 23, 171-38 (1959). 


In the production of aleoholie bever 
ages, the fermentation process produces 
some methyl ale. The author reviews the 
toxicology and pharmacology of methyl 
ale. and briefly summarizes the mecha 
nisms of its formation during fermenta 
tion. He points out that ethyl ale. (ob 
viously present in aleoholic beverages) 
has an inhibitory action on the oxida 
tions of methyl ale. Thus, the small amts. 
of methyl ale. present in fermented bev 
erages constitute no health hazard. 


Study of the toxicity of dust with use of 
the in viiro dehydrogenase technique. 
Marks, J. AND NAGELSCHMIDT, G. 
(Tubereulosis Reference Cardiff, 
Wales). A. M.A. Areh. Ind. Health 20, 
383-9 (1959). 


Macrophages were incubated with dust 
and their capacity to reduee tetrazolium 
was measured. The amt. of dust which 
reduced the activities of a standard eell 
eulture by 500, was ealled the toxie dose. 
Good correspondence was found between 
the latter method and observations on 
fibrogenic activity of the same or similar 
dusts made in intaet animals. 


Toxicity of amine-extracted soybean meal. 


GREENBERG, J., ET AL. J. Agr. Food 
Chem, 7, 573-6 (1959). 

Residues of soybean meal, after extn. 
with primary, secondary, or tertiary org. 
amines, were toxie for the chick when 
incorporated, at levels of 20 to 40%, in 
an otherwise adequate diet. Triethyla 
mine-extd. cottonseed meal, black-eyed 
peas, soybean protein, zein, and Cerelose 
were toxie in varying degrees. Triethyla 
mine-extd. gelatin and casein were well 
tolerated. 


FOOD AND FOOD TECHNOLOGY 
Antioxidants 


Relative antioxidant activities of the seven 
tocopherols. 


Lea, C. H. ann Warp, R. J. (Low 
Temp. Research Sta., Cambridge, Engl.). 
J. Sei. Food Agr, 10, 537-48 (1959). 

The antioxidant aetivities of the 7 
tocopherols and of the unmethylated 
parent eompd. (tocol) have been com- 
pared in several systems. The 3 toecoph 
erols unsubstituted in the 5-position (4, 
~ and ») were more effective than the 
other 4 in protecting carotene in mineral 
soln, at 75°. 


See multi benefits in new malts. 


Outson, W. J. Food Eng, 31, 103-4 


(Oct. 1959). 


Recent 
flour has a food preserving effeet (im 
parts oxidative stability) beyond that 
attributable to its antioxidant prope: 
ties. Fats thus treated are not rancid 
although they reach peroxidase levels at 
whieh they would be 
rancid, 


findings indicate that malt 


expected to be 


Cereals and Grains 


Lysine and threonine supplementation of 
rice. 


RosENBERG, H. R., Cunik, ANb 
Eckert, R. E. (E. 1. du Pont de Ne 
mours and Co., Ine., Newark, Del. d. 
Nutrition 69, 217-28 (1959). 

When proper balance has been reached 
between the first two limiting amino 
acids further improvement in protein 
quality should be attainable if both 
ymino acids are added simultaneously 
and in the proportion of the body’s re 
quirements. It should be possible to add 
this amino acid mixt. in graded amts. 
and to obtain inereasing growth re 
sponses until a third amino acid, or other 
nutrient, becomes limiting. This concept 
has to the authors’ knowledge not been 
tested experimentally. A study was un 
dertaken, therefore, to eheek this theory 
using rice as the test protein and the 
growth of the male weanling rat as the 
biol. criterion. The results of this study, 
reported here, support in general the 
above concept for supplementation of 
proteins with the first two limiting essen 
tial amino acids. 


Nuts 
Nutmeg poisoning. 


GREEN, R. C. J. Am. Med. Assoc. 171, 
1342-4 (1959). 


The toxie factor of nutmeg is known to 
be myristicin, a constituent of the vola 
tile oil of nutmeg. Nutmeg in doses of 
5 g. or more produces a marked depres 
sive action on the central nervous system, 
aus well as a less prominent stimulating 
effeet. The clinical course may be severe, 
with coma, shock, and acidosis as its 
main features. 


Taste Testing 


Odor difference test with applications to 
consumer preferences. 


MrRAk, V., ET AL. Food Research 24, 


574-8 (1959). 


Two expts. on detecting odor differ 
unknowns) of stated 
strengths and a standard are presented. 
In the first ease the standard was pre 
sented just before the unknown and the 
tester was asked to respond weaker or 
stronger. In the second expt. the stand 
ard was given immediately before a 


enees between 
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series of 3 unknowns and again the SARGENT, J. S., Biggs, D. A. AND Ir hard waters is sugyested as a_ possible 
tester’s responses were weaker or VINE, D. M. (Ontario Agr. Coll., Guelph, method for avoiding premature protein 
stronger. These expts. indieate great Can.) J. Dairy Sci. 42, 1800-5 (1959), coagulation during heat processes. 


variation between individuals in their 
Protein stability in reeonstituted skim 


ability to detect odor differences and in 


their response to the different ways of milk is adversely affected by high Ca and ORGANIC CHEMISTRY 


Mg levels in the reconstituting water 
The heat stability, as measured by the Clathrates. 


Storrs stability test, is a funetion of 


presenting the samples. 


MANDELCORN, L. (Westinghouse Re 


Gelatin total hardness, und is not changed by search Labs., Pittsburgh, Penna.). Chem, 
. varying the Ca to Mg ratio. The effect I ) 897-39 (1959 
Configuration transitions in gelatins in of Mg ions can be balanced by sequestra 
non-aqueous solution. tion with equivalent quantities of Na This review summarizes the literature 
hexametapl hi but th C: v“rtaining to ‘lussifieati 
Co. Chicago, Il. J. Phus. Che m. 63. 1 tien quiantitie i ru ure, erties, ube ippliea 
1720-5 (1959 questering agent are needed. Sequestra clathrates. The problems encountered in 
tion of a portion of the hardness of very the detn. of the thermodynamies of 


The behavior of gelatin in formie acid 
(FA)-dimethylformamide (DMEF) and 
in ethylene dichloride-dichloroacetic acid 


has been examd. The studies cover (1 


an analysis of the optical rotatory power 


and rotatory dispersion as a funetion of 


sclvent compn.; (2) the configurational 


changes as deseribed by viseosity meas 


urements; and (3) the roles of aggrega 
tion and degradation as detd. by light 


seattering. The light scattering data in 


dieate that no aggregates are formed in 
the FA-DMF mixts. These data are con 
sistent with the assumption that a hydro 


gen-bonded helical strueture is formed 
when FA/DMF < 1 but this helix is not 
the same as that of native collagen, 


Marketing 


The “ordinary” $125-billion market. 


ANON. Fortune 60, 132-5 (Sept. 


1959). 


The amts. spent by Americans for 


food and elothing for the last 30° years 


are reviewed and future prospects are 
considered, In 1959, Americans will 


spend close to #70 billion for food and 


this will continue to inerease as popula 


tion and wages increase. However, the 


pereentage of income spent on food may 


¢ 


decrease from the present 370% to 35% 
by 1970, beeause of the natural limit on 


how mueh ean be consumed as well as 


the decline in food 


Performs over 100 FDA tests per month... month in and 


Pet food industry ‘on the march’ meeting 
month out, this Beckman DU® Spectrophotometer is doing an out- 


indicates. 


standing job for Doty Laboratories, cereal technologists, North 


Rogers, D. E. Feedstuffs 31, 1338 
(Sept. 12, 1959). Kansas City, Mo. With one-day service their specialty, speed and ease 


of analyses, high sensitivity and accuracy, plus minimum mainte- 


Pets owned by U. S. families add up 


nance with the DU are vitally important. Certified analyses are made 


as follows: dogs 23.8, eats 25.5 and birds 
12.2 million. Marketing studies indicate on feed mill and bakery products to determine the exact proportion 
that 90% of dog owners buy canned food 


of additives and absence of residual insecticides. The Beckman flame 


in the eourse of a year and 80% buy 
dry dog food; however, dry food con attachment further extends use of the DU to sodium, potassium, 


tinues to beeome more important. A calcium, and many other critical constituent analyses. The versatile 
large potential market is said to exist for 


premium-priced canned eat foods DU can simplify your FDA compliance. For complete specification, 

accessory and application information, write for Data File 84-3-03. 


Beckman’ #25 2 
Milk and Milk Products Scientific and Process | Instruments Division 2 YEARS 2 


Effect of hard water on the heat stability Beckman Instruments, Inc 5 GP 
of skimmilk powder | 2500 Fullerton Road, Fullerton, Califorma 
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clathrate systems and in the analysis of 
thermal decompn. data are discussed. 


| 

rd Research, born of necessity, is bringing 
7 progress in self extinguishing plastics. 
Be. ANON. Modern Plastics 37, 90-8 (Novy. 
959 

1959). 

y Self extinguishing materials are those 
which will not burn an outside 
fe souree of flame is removed. Self-extin 
guishing plastics available today are 

a listed along with manufaeturer’s name 


and ASTM testing data. The chart is 
broken down into resins and molding 
compds., film, sheeting, and laminates, 


and plastie foams. 


Epoxidized polyolefin resins. 


GREENSPAN, F. P., JOHNsTON, C. AND 
Reicu, M. Modern Plasties 37, 142; 144; 
146; 226 (Oct. 1959). 


A new family of epoxy resins, contg. 


epoxy groups in both internal and ter 


minal portions, is deseribed with par 
ticular attention to the euring charne 
teristies and mechanieal properties. It is 
expected that these resins will open up 
new applieations of epoxy resins in east 
ings, laminates, adhesives, and coatings. 


PHYSICAL METHODS 


Determination of molecular dimensions 
from rheological data. 


Pereruin, A. (Univ. of Ljubljana, Yu 
goslavia). Die Makromolekulare Chemie 


@ thomas | 


A survey of the existing possibilities 
ef molecular size and shape detn. from 
rheological expts. is given. Porous sphere 


® models, necklace models, packed coils, 
corpuscular and linear particles are 
among the configurations considered. 


HICKORY-SMOKED YEAST... 


RADIOCHEMICAL TECHNOLOGY 


Soup sippers are a fussy sort; they want both the rich green pea taste and an C"O. respiration from labeled compounds 

exciting blend of seasoning. Lipton finds that hickory-smoked BAKoN YEAST in feeding-trained rats. 

helps provide a zestful bacon-like flavor and nutrition as well. Kirk, M. R., LerpKovsky, 8. AND Tor 
Food technologists appreciate the fact that BAKon is a U.S.P. Dried Torula BERT, B. M. (Univ. of California, 


serkeley). Metabolism: Clin. and Exptl. 


Yeast, salt-free, and a carrier of 5067 protein, the entire vitamin B complex, 
&, 769-76 (1959). 


and the amino acids. Genuinely smoked Bakon is stable, uniform and con- 


Rats were trained over a period of 
several months to eat their daily food in 
2 hrs. The effeet of feeding on the ("' 


tains no starch, sugar, or meat. 
Discover for yourself why so many important food firms now incorporate 


hickory-smoked Bakon Yeast into their products for extra flavor and sales- respiration patterns of radioactive ace 

BS appeal. BAKON is now used to flavor baby foods, nibbling foods, stews and tute, glucose, fructose or glycine in 

ee vegetables, baked goods, sea foods, cheeses, spice mixes, and seasoning blends. jected 1, 8.5 and 22 hrs. after feeding 
sor was studied, and eumulative breath ex 
1) cretion as well as the speeifie radio 
activity of the C™“O, was measured. 


L Kk St t Feeding inereases total CO. production 
Ps | Ee ea es and total glucose, fruetose and glycine 
Manufactured and distributed for Bakon Yeast,Inc. by oxidation to CO: The initial oxidation 

rate of these compds. is also sharply in 
Lake States Yeast and Chemical Division creased. The concept of the specifie dy 
namie action of food is applied to most 
of the findings. 


Send for your 


complimentary 
test sam ple of 
BAKON YEAST 


of St. Regis Paper Company * Rhinelander, Wisconsin 
Sales Office: 420 Lexington Ave., New York 17, N.Y. 


- 

> 
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Industry 
PIN MEMORIAM 


Dr. W. E. Pyke, head of the 
Colorado State University chemis- 
try department, died on December 
22, 1959, at Houston, Texas. His 
death was attributed to a coronary 
occlusion. He was 63. 

Dr. Pyke, on the Colorado State 
University staff since 1924, began 
work as an assistant instructor in 
chemistry. He was made head of 
the department in 1945. He also 
served as seeretary of the Colorado 
State University Research Foun- 
dation. 

Dr. Pyke received his A.B. de- 
from Baker University at 
Baldwin, Kansas, in 1918 and his 
Ph.D. from the University of Cali- 
fornia, Berkeley, in 1940. He was 
a veteran of World War I, having 
Corps, 


gree 


served in the Ordnance 
Quartermaster Corps and Chemical 
Warfare Service of the U.S. Army. 
Ile also served as camp supply offi- 
cer at Camp Kendrick, New Jersey. 

Ile was a member of a number 
of professional societies, ineluding 
the American Chemical Society, 
Sigma Xi, Institute of Food Tech- 
nologists (charter member), Amer- 
ican Society of Experimental Bi- 
ology and Medicine, American As- 
sociation of University Professors, 
American Society for Advance- 
ment of Scienee, Swiss Chemical 
Society, and Colorado-Wyoming 
Academy of Science. Dr. Pyke Was 
author of a large number of scien- 
tific publications. 

Survivors, in addition to Mrs. 
Pyke, include three daughters 
Mrs. Leonard C. Wilson and Mrs. 
Lela Geisendorfer, both of Fort 
Collins, and Mrs. James Randall of 
Mineral, California 
K. Marie 
Ceeil Pvke. 


a sister, Miss 


Pyke, and a_ brother, 


PERSONNEL 


Mr. George SS. 
cently been appointed Production 
Manager of the Orange-CRUSH 


Congdon has re- 


Company of Evanston, Illinois, ae- 


FOOD TECHNOLOGY, MARCH, 1960 
cording to Louis Collins,  vice- 
president and general manager of 
the company. Prior to joining 
Orange-CRUSH, he has had wide 
experience with major companies 
in chemical, technical service and 
managerial research capacities. 


William C. Lytle has retired as 
vice-president of Atlas Powder 
Company after a diversified career 
spanning almost all of the com- 
pany’s history. A native of Lead- 
ville, Colorado, Mr. Lytle joined 
Atlas as a chemist shortly after re 
ceiving his bachelor’s degree from 
the University of Colorado in 1917. 
He served in many capacities until 
he was elected vice-president in 
June, 1958, with key 
ties for the Explosives Divisions 
staff ae 


responsibili 


and assigned 


tivities. 


corporate 


The appointment of Dr. Benja- 
min Borenstein as a food technolo 
gist in Nopeo Chemical Company's 
Fine Chemicals Division has been 
announced by Dr. Harold Yaco 
witz, Director of Applied Research 
for the division. He will be en 
gaged in the development of prod 
ucts and processes as related to the 
food industry. Dr. 
previously employed by 
Ine., Franklin 
nois, aS a research chemist. 


Sorenstein was 
Fearn 
Park, Illi 
He is 


a graduate of Rutgers University 


ls, 


with a B.S. degree in chemistry and 
l Ph.D. degrees in food 


M.S. an 
technology. 


Polak’s Frutal Works, Ine. 
(P.F.W.) held its annual sales 
meeting on December 14-16. at 


their plant in Middletown, New 
York. Pietured are all partici 
pants. Standing left to right: E. 


Johnson, D. Moncino, P, Delaney, 
lL. Pais, E. Sturman, J. Donnelly, 
K. Freiberg, A. Krol, A. J. de John, 
Dr. J. S. Jellinek, IFT’ Member 
M. Preiser, F'. Marshall, H. Loner- 
van, E. Buday, J. Melody; seated 
left to right: E. Vles, Dr. R. 
Boucher, A. H. Micheels, E. Polak, 
W. R. Lloyd (Ass’t Managing Di- 
rector of Soflor, Ltd., England), 
Bb. Polak (Pres.), J. Meihuizen 
(Co-Director of P.F.W., Holland), 
J. ter Veer, L. Kirsh, H. Roger 
(Far Eastern representative). 


Dr. Bernard S. Schweigert will 
head the College of Agriculture’s 
hew department of food science at 
State University. Dr. 
Schweigert is now director of re- 
search and edu- 
cation for the 
American Meat 
Institute Foun- 
dation, Chicago. 

The Board of 
Trustees of 
approved 
the framework 
for the new de- 


Michigan 


partment sev- 
eral months 
ago. It combines the work involved 
agricultural 
products into a single department. 


B. S. Schweigert 


in the processing of 


Some staff members working with 
food processing in the departments 
of horticulture, animal husbandry, 
dairy husbandry, poultry seience, 
farm crops and agricultural engi- 
neering will be regrouped into the 
new department, 
Dr. Schweigert, author or eo- 
author of more than 150 seientifie 
publications in the field of bio- 
chemistry, nutrition and meats re- 
search, will join the staff effective 
May 1, 1960. He earned his B.S., 
M.S. and Ph.D. degrees from the 
University of Wisconsin in bio- 
from 
1943 to 1946 and did teaching and 


chemistry and physiology 
research at Wisconsin and at Texas 
A. and M. College before joining 
the American Meat Institute Foun- 
dation in 1948, He has been jointly 
associated with the University of 
Chicago while at the Meat 


tute Foundation. 


Insti- 
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M. J. Thomas 
Dr. M. J. Thomas has recently 


been named director of chemical 


D. P. Langlois 


market development in the Market 
Development Division of the A. E 
Staley Manufacturing Co. He was 
born in) Yazoo City, Mississippi, 
has a 1936 bachelor’s degree from 
Mississippi State College, and mas 
ter’s and doctor’s degrees, in 1938 
and 1941, from Vanderbilt Univer 
sity. In June 142, he joined the 
company as a research chemist, 
moved to Market Development as 
an assistant in 1948 and was named 
assistant manager of that division 
in 19535. 

Also promoted is Dr, David P. 
Langlois. who now occupies the 
position of director of administra 
tive services for Market Develop 
ment. Formerly he was a technical 
information scientist in’ the Re 
search Division 


John R. Miller has recently been 
promoted Eastern Sales Manager 
of Florasynth Laboratories, Ine., 
New York City. 
Since 1956 he 
served as a 
flavor specialist 
assigned to 
Florasynuth’s 
midwest sales 
offiee. During 
World War Il, 
Miller as- 
signed to the 
Quartermaster 
Corps, Subsistence Depot, Sidhey, 
Australia, with responsibilities for 
developing sources of food supply 
in Australia, and in 1952 he was 
assigned as officer-in-charge, Mu 
(Germany) Procurement 
Office where he helped establish a 
processed meat program to Aimeri- 
can standards. He also assisted in 
eliminating tubereulosis in Aus- 
trian dairy cattle. 
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The board of directors of Gen- 
eral Foods Corporation recently 
elected Dr. Robert N. DuPuis vice 
president—research, Dr. DuPuis 
will asume leadership of General 
Foods’ corpor- 
ate research ac- 
tivities, inelud- 
ing the super 
vision of the re- 
search center at 
Tarrytown, New 
York He will, 
however, remain 
on the board of 


direetorsof 
R.N. DuPuis Philip Morris, 


Ine., where he has been vice presi- 
dent in charge of research and de- 
velopment sinee 1952. Dr. DuPuis 
earned his Ph.D. in organic chemis- 
try at New York University in 1934, 
after graduating from the Univer- 
sity of Illinois with Phi Beta Kap- 
pa honors and an A.B. degree in 
1931. He held managerial research 
positions with S.C. Johnson & Son, 
Ine., at Racine, Wisconsin, from 
1947 to 1952 and with Miner Labo- 
ratories at Chicago from 1935 to 


1947. 


Ac’cent International, manufae- 
turers of the food flavor enhancer, 
Ac’cent, has announced the ap- 
pointment of Dr. William H. 
Bartholomew as manager, micro- 
biological deq 
velopment. A 
bio-engineer, he 
comes to Ae’cent 
International 
from the Pabst 
Laboratories Di- 
vision of Pabst 
Brewing Com- 
pany, where he 
Was assistant di- 
rector of re- 
search, Dr, Bartholomew, who re- 
ceived his Ph.D. at Pennsylvania 
State University in 1941, will con- 
duet liaison work between research, 
development, and production de- 
partments looking toward the de- 
sign and operation of an industrial 
fermentation plant, according to 
G. B. Hamilton, vice president of 
Aec’cent International, a division 
of International Minerals & Chemi- 


W. H. Bartholomew 


cal Corporation. IMC announced 
in mid-summer the development of 
a new fermentation process to pro- 
duce pure monosodium glutamate. 


Recently appointed as sales man 
ager and assistant sales manager of 
the Dewey and Almy Chemical Di- 
vision, W. R. Grace & Co., are 
Richard W. Haward of LaUrange, 
Illinois, and Robert J. Douglass of 
Marblehead, Mass. 


R. W. Haward R. J. Douglass 

Haward received an A.B. degree 
from Harvard College in 1949 and 
joined Dewey and Almy in 1953. 
Prior to his promotion, he served as 
Midwest sales manager for ean, 
closure and industrial compounds. 

Douglass began with Dewey and 
Almy in 1956 serving as container 
products sales engineer and product 
manager for side seam cements. He 
received an A.B. from Cornell Uni 
versity in 1948 and an M.B.A. 
from Cornell’s Graduate School of 
Business and Public Administra 
tion in 1949, 


Paul G. Miller has been named 
research director of Adolph’s 
Food Produets 
Manufacturing 
Company, Bur- 
bank, Califor- 
nia. A graduate 
of the Univer- 
sity of Wiscon- 
sin (Ph.D., Bio 
chemistry), Dr. 
Miller was for- 
merly Assistant 
Research Diree- 
tor of the Thomas J. Lipton Co., 
Hoboken, N. J. 


P. G. Miller 
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EQUIPMENT 


Now available to electron micros- 
copists is the LKB 4800 ultrotome 
Ultra-Thin Microtome 
for routine production of ultra- 
single and_ serial. 
Sections up to 145 microns can also 
be cut in sequence with the ultra- 
thin. 
feed systems are used, thermal and 

Lateral and rotary 
the specimen mecha- 
Engi- 
neering principles introduced are 
preselected and automatie fall rate 


Sectioning 


thin sections 


Two independent specimen 


mechanical. 
motions of 
nism have been eliminated. 


of specimen arm past knife edge 
(five speeds), elastic knife retrae- 
tion, are-shaped specimen and knife 
holders, and a dual illumination 
system, Literature and further in- 
formation are available from LKB 
Instruments, Ine., 5451 Randolph 
Road, Rockville, Maryland. 


Development of a multiple-cell 
paper apparatus, 
designed for running one to five 


electrophoresis 


samples simultaneously at five dif- 
ferent pH values from 3.5 to 9.5, 
with special organic buffers said to 
vield complete separations in one 
hour has been announced by Micro- 
chemical Company, 
Berkeley, Calif. Misco’s apparatus 
with organie buffers and special 


Specialties 


reference dyes identifies fractions 
of microgram to milligram quanti- 
ties of acids, bases, carbohydrates, 
amino acids, proteins, plant hor- 
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mones, alkaloids, drugs, and other 
compounds. Known samples can 
also be separated for quantitative 
analysis. For more information, 
write Microchemical Specialties 
Company, 1825 Eastshore High- 
way, Berkeley, California. 


Submergible pumps available in 
200 to 514 gph are now available 
from the Thomal Beckett & Co. 
Dallas, Texas. Pumps are brass, 
and said to be designed to operate 
while fully or partially submerged 
in lubricant fluids, water, citrus 
juices, milk other 
liquids. Retail price is from $20.00 
to $30.00. 


coolers, and 


The Henszey Company, Ine., has 
announced completion of a_ pilot 
plant facility at its Watertown, 
Wisconsin plant. This equipment 
will be used for their own develop- 
ment projects, and will be available 
to industry in general as a research 
and development aid. It includes a 


new pilot model spray dryer with 
horizontal air suspension, and vari- 
ous types of collectors, all inter- 
changeable, said to insure maxi- 
mum recovery of various types of 
products. The plant is equipped 
with a fully automatic control 
panel, and new evaporating and 
heating have been 
erected to allow a full testing pro- 
eram for most types of materials. 


components 
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Leading Swiss industrial enterprise 
needs Swiss CHEMISTS, CHEMICAL 
ENGINEERS and FOOD TECHNOL- 
OGISTS to work at their central lab- 
oratories on all phases of food product 
development, process engineering and 
pilot plant operation. 

Previous industrial exp. desirable but 
not mandatory. Preference given to 
creative people. Attractive salary and 
living conditions. Pension plan and 
other fringe benefits. Send resumé to 
BOX 215 FT, 2 West 45 St., Rm 607, 
New York City 36. 


LABORATORY SERVICES 
WISCONSIN for the FOOD, FEED, DRUG and 
ALUMNI CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 


Write for Price Schedule 
P.O. Box 2217, Madison } 


PROFESSIONAL SERVICES 

Since 1869 Schwarz Laboratories has been 
a leading laboratory and technical service 
to the food and beverage industries. 

We offer thorough, expert advice on food 
problems of all types, analyses, flavor 
evaluations, product development, and le- 
gal testimony. Costs are low due to our 
experience and efficient operation and 
equipment. May we send yeu our brochure? 


SCHWARZ LABORATORIES, INC. 
230 Washington St., Mount Vernon, N.Y. 
Phone- MO 4-1100 Cable: Swoknip 


COMPLETE SERVICE... 
for the FOOD INDUSTRY! 
Radioactive, Infrared Spectroscopy, Food 
Additive Studies, Bacteriology. Write 
for Price List 
SCIENTIFIC ASSOCIATES 
3755 Forest Park Ay 
. Louis 8, Mo. JE. £3922 


WANTED: FLAVOR CHEMIST— 
Leading New York Essential Oil and 
Flavor Company expanding operations. 
Wonderful opportunity for advance- 
ment. Salary open. Write giving de- 
tails with confidence since replies han- 
dled by company head. Our employees 
are aware of this position. REPLY 
BOX 761, Institute of Food Technol- 
ogists, 176 W. Adams St., Chicago 3, 
Ill. 


FOOD TECHNOLOGISTS 

Expanding upper midwest ‘ood proc- 
essor has opportunities for two young 
Food Technologists with B.S. degrees 
in Food Technology or the equivalent 
in experience. Work involves quality 
control, development of new products 
and improvement of present products. 
Experience in canned and frozen food 
processing preferred. 


PRODUCTION SUPERVISOR 


Opportunity also available for an 
experienced production supervisor in 
the canned and frozen food fieid. Duties 
include job assignments, quality con- 
trol, safety and cost control. 


Excellent opportunity for advance- 
ment in all positions for men with in- 
itiative. Salary commensurate with ex- 
perience. Send replies in complete con- 
fidence to: 

BOX 760 
Institute of Food Technologists 
176 W. Adams St.—Chicago 3, Ill. 


WANTED: FOOD TECHNOLOGIST 
& WINE CHEMIST to locate in cen- 
tral California with large National 
concern. Experience with food or bev- 
erage desired. Excellent opportunities 
and company benefits. REPLY BOX 
749, Institute of Food Technologists, 
176 W. Adams St., Chicago 3, IIl. 


TECHNICAL SALES 


Food Technologist to service processors 
of foods, bottlers, ice cream and candy 
manufacturers. Excellent opportunity 
with progressive flavor manufacturer. 
Write age, education, previous expe- 
rience, and other pertinent data. 
REPLY BOX 763, Institute of Food 
Technologists, 176 W. Adams St., 
Chicago 3, Ill. 


LABORATORY SERVICES 
for the 
FOOD and DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies 
Chemical and Biological Assays 
Clinical Studies, Research 


LaWact & HARRISSON 
v F 192] Walnut St.. Pmladelptia 3. Pa. LO 3-4322 


FOUNDED 1922 


and 


sea’ rch 


Cc QO RFR FP R 


Maurice Avenue at 58th Street 
Maspeth 78, New York City 
CABLE, FOODLASS TEL. TWINING 4.0800 


POSITION WANTED: Experienced 
Technologist desires position in charge 
of Quality Control and/or New Prod- 
ucts Development. Doctorate degree 
in dairy manufacturing. Extensive 
dairy and food products background. 
WRITE BOX 751, Institute of Food 
Technologists, 176 W. Adams St., Chi- 
cago 3, Il. 


FLAVOR RESEARCH — Manufac- 
turer of flavoring concentrates for soft 
drinks and foods wants flavor chemist 
with practical exp. to do research and 
developmental work. Permanent posi- 
tion. State age, experience, education, 
family status, salary level and reason 
for interest. Hurty-Peck Co., 333 W. 


Ninth St., Indianapolis 7, Ind. 


FOOD TECHNOLOGIST of 8 to 10 
years industrial experience to assume 
position of senior responsibility in 
Quality Control and Development for 
multi-plant food processing operations 
involving canning, freezing and dehy- 
dration. REPLY: Curtice Brothers Co., 
328 Main St. East, Rochester 4, N.Y. 


AVAILABLE: Food Technologist, 
B.S. Purdue 1948. Some graduate 
work, Experience—canning, carbonated 
beverages and dairy products. Desire 
Chicago location. REPLY BOX 762, 
Institute of Food Technologists, 176 
W. Adams St., Chicago 3, II. 


ENZYMES. 


Lipase 


Enzyme Preparations from Calf, Kid Goat and 
lamb animal glandular sources. 


” # an enzyme modified 
WUil.Latt whole milk powder 
for rich, distinctive 


flavor development in milk chocolate and other 
chocolate products. 


Write for samples and literature 


DAIRYLAND FOOD LABORATORIES, INC. 
©. BOX 406 


FOOD TECHNOLOGISTS 


An active, confidential service: Interview 
at your convenience. Call, write or wire: 


Gladys Hunting (Consultant) 
Drake Personnel, Inc. 
The Heyworth Building 
Sixth Floor 
29 E. Madison St., Chicago 2, Ill. 


AVAILABLE: FOOD TECHNOLO- 
GIST, 10 yrs. experience dairy, canned 
and frozen foods. Desires situation in 
Product Control, Product Development 
or Technical Service. REPLY BOX 
759, Institute of Food Technologists, 
176 W. Adams St., Chicago 3, Ill. 


WANTED: HOME ECONOMIST — 
Challenging opportunity in Product 
Development for leading national food 
processor with headquarters in Chicago. 
Degree in Home Economics and several 
years experience required. In reply 
give complete personal data, experience 
and education. BOX 764, Institute of 
Food Technologists, 176 W. Adams St., 
Chicago 3, Ill. 


FOOD TECHNOLOGIST 
Expanding Research Divi- 
sion of international food 
company has unusual op- 
portunity for man with 
M.S. in Food Technology 
or B.S. plus some produc- 
tion or research experi- 
ence in candy industry. 
Outstanding employee 
benefits. Salary open. RE- 
PLY BOX 765, Institute 
of Food Technologists, 176 
W. Adams St., Chicago 3, 
Ill. 
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largest blender 


The big advantage of having your corn starches which is designed to deliver corn products of 
mixed in the world’s largest blender is not size of | improved quality and precise uniformity. With 
batch, but the perfect starch uniformity you get _ its new facility, P & F can offer industrial starch 

. up to 60,000 Ib. with one bag exactly users production quantities to exact cus- 
the same as the next. The blender is part of ; | tomer specifications, no matter how large 
Penick & Ford's new starch derivative plant NICK or small the order. Call 


INCORPORATED 


750 THIRD AVE., NEW YORK 17, N. Y.; 1531 MARIETTA BLYD., ATLANTA, GA.; CEDAR RAPIDS, IOWA; 18 CALIFORNIA ST., SAN FRANCISCO 11, CALIF. 


now you can have’ 
| 
j if i 
starch 
ord 


FLAVOR DIMENSIONS ARE ONLY BLUEPRINT 


To reach the height of flavor excellence in 
wide, wonderful variety, you need the full depth 
of Nature's goodness. 

Norda assures such flavor perfection for your 
products, in good measure. For at Norda it seems 
there's unmatched skill in matching the best of 


Nature. 
Why not draw your plans to a bigger scale? 
You can, you know, with Norda. 


Flavor it with a Favorite 


Samples, free, by sending your business letterhead fo 
NORDA, 601 W. 26th Street, New York 1, N.Y. * Chicago * Los Angeles * San Francisco * Toronto * Montreal * Havana * London * Poris * Grasse * Mexico City 
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